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© Optical device including birefringent polymer. 

(jy Optical devices including a moiecularly oriented highly 
birefringent polymer are disclosed. The devices include 
moiecularly oriented polymers comprising recurring units (L) 
which exhibit a distribution of high electron density about 
the long axes (X) of the polymer and the recurring units (L) 
thereof. Transparent birefringent polymers comprising a 
plurality of recurring units (L) having a substantially cylin- 
drical distribution of electron density about the long axis (X) 
of such units and the chain-extended polymers are included 
in optical devices and articles. The polymers exhibit high 
birefringence and simulate in a polymer the optical prop- 
erties of a uniaxial crystal. 
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Specif ication 

BACKGROUND OF THE INVENTION 

This invention relates to an optical device or article. More 
particularly, it relates to such an article or device in- 
cluding a molecularly oriented highly birefringent poly- 
meric material. 

Materials having a birefringent character have been variously 
applied in connection with the construction of filter and 
other optical devices. Frequently, a birefringent element 
utilized in an optical filter or other device will comprise 
a plate made from a monocrystalline form of birefringent 
material. Single crystals are expensive materials and are not 
readily formed to the desired shape or conformation required 
in particular applications. The size to which crystals can be 
grown represents an additional limitation on the utilization 
of such materials in optical devices. 

Optical devices including a birefringent material in the 
2Q form of a polymeric layer, such as may be formed by the uni- 
directional stretching of a suitable polymeric material, have 
also been described. Thus, light-polarizing devices utilizing 
a polymeric birefringent layer have been described in U.S. 
Patent 3,213,753 (issued October 26, 1965 to H.G. Rogers). 
25 Optical devices including polymeric birefringent materials 
have also been set forth, for example, in U.S. patent 
3,506,333 (issued April 14, 1970 to E.H. Land) and in U.S. 
Patent 3,610,729 (issued October 15, 1971 to H.G. Rogers). 
FrpT^n^-lv. thp eff iriencv of an ortical filter, oolarizina 



ences m refractive index between a birefringent materia, a 
adjacent or contiguous layers. In general, such net differ- 
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where birefringent polymeric materials otherwise suited to 
application in an optical device tend to exhibit either low 
or only marginal birefringent character. Accordingly, 
optical devices including polymeric layers or elements ex- 
hibiting a highly birefringent character will be of 
particular interest for optical applications and enhanced 

efficiency . 

SUMMARY OF THE INVENTION 

The present invention provides an optical device or article 
which includes a molecularly oriented and optically uni- 
axial highly birefringent polymer. The polymer comprises 
repeating molecular units exhibiting high electron density 
substantially cylindrical^ distributed about the long axis 
15 of the polymer and the repeating units thereof. It has been 
found that the birefringent character of a polymer is 
importantly releated to the molecular configuration or 
structure of the repeating units of the polymer and to the 
distribution of electron density about the long axis of the 
20 polymer and the repeating units thereof. Thus, it has been 
found that the provision, in a transparent polymeric 
material comprising a plurality of repeating units in 
chain-extended relationship, of a substantially cylindrical 
distribution of electron density about the long axis of the 
25 polymer permits the realization of high birefringence and 
the simulation in a polymeric material of optical 
properties of a uniaxial crystal. 
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q uniaxial exhibiting only two indices of refraction. It has 
been found that birefringence of a polymeric material useful 
in articles or devices of the present invention exhibit bi- 
refingence in relation to the molecular configuration of the 
repeating molecular units and the cylindrical or ellipsoidal 

5 electron density distribution about the axes of the polymer 
and the recurring units thereof, said birefringence being 
in relation to said molecular configuration and said 
electron "density distribution according to a dimensionless 
geometric index G represented by the relationship 

10 

G = 0.222 x E x k 



where in E is a dimensionless eccentricity factor defined 
by the relationship 



15 



E- 1 * ^ 
1 + 6 T 

where e^ is the longitudinal eccentricity of the polarizab- 
20 ility of the repeating molecular unit and e T is the trans- 
verse eccentricity of the electron polarizability of the 
repeating molecular unit, L is the length of the repeating 
molecular unit along the main axis thereof and D is the mean 
diameter of the repeating molecular unit. 



25 



A preferred article of the present invention is a multi- 
layer light-transmitting device including at least one 
additional transparent layer having an index of refraction 



r 



birefringent material; said at least one additional trans- 
parent layer, when a layer of birefringent material, having 
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1 cularly oriented highly birefringent polymeric material and 
having a molecular orientation substantially perpendicular 
to the molecular orientation of said molecularly oriented 
hightly birefringent polymeric material. 

THE DRAWINGS 

Fig 1 is a geometric representation of molecular di- 
mensions of a repeat unit of » polymeric material. 

10 Fig. 2 is a cross-sectional view along the line 1-1 of 

Fig . 1 - 

Fig 3 is a vectorial representation of bond and group 

polarizabilities of a repeat unit of a polymeric 
15 material. 

Figs 4a and 4b show, respectively, ellipsoidal and circular 

cross-sectional distribution of electron density 
about the long axis of a recurring unit of a 
2Q polymeric material. 

Fig 5 is a diagrammatic fragmentary edge view of a 

light-transmitting device of the present invention 
illustrating the transmission of light rays 
25 therethrough. 

Fig 6 xs a diagrammatic side view of an automotive 

vehicle headlamp which includes a light-polarizing 
r • n ^ ^ +-v> P invention. 
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Fig. 8 



is a diagrammatic side view of an optical beam- 
splitter device including a birefringent poly- 
meric material. 



DETAILED DESCRIPTION OF THE INVENTION 



As indicated hereinbefore, the present invention provides 



oriented and highly birefringent polymeric material. The 
birefringent polymeric material of the devices of the in- 
vention comprises repeat molecular units- which exhibit 
high electron density substantially cylindrcally distributed 
about the long axes of the polymer and the repeat units 
thereof. The polymeric material, comprised of repeating 
units of molecular structure such as to provide a sub- 
stantially cylindrical distribution of electron density 
about the long axis or backbone of the polymer, exhibits 
optical anisotropy or birefringence in accordance with the 
relationship 



where G represents the geometric index of a repeating unit; 
e is the longitudinal eccentricity of the electron polar- 
izability of the repeating molecular unit; e T is the trans- 
verse eccentricity; L is the length of the repeating unit 
along the main axis thereof; and D is the mean diameter of 
the repeatina molecular unit. The contribution to hire- 



an optical device including a transparent, 
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1 repeating rod-like segment of finite length L and of a 

generally cylindrical configuration. Birefringence has been 
found to be importantly related to the molecular structure 
of the repeating units of the polymer in accordance with 
the relationship of geometric index G, set forth herein- 

5 before. A highly birefringent polymeric material useful in 
the optical devices hereof will thus comprise a plurality 
of molecular units in chain-extended relationship, each 
unit having a length L, shown in Fig. 1. The long axis X of 
each repeating unit forms, in the chain-extended polymer, 
10 the long axis or backbone. Each axis in Fig. 1 forms a 

right angle with respect to any other axis.' The mean dia- 
meter D, set forth in the geometric index G, is determined 
for each repeating unit by the expression 

-, 5D = Y + z . in Fig. 2 is shown along line 1-1 of Fig. 1, a 
cross-sectional view. The shown Y and Z axes are at right 
angles to one another, the X axis comprising the axis of 
the cylinder extending in a direction normal to the plane 
of the paper. 

20 

In addition to a rigid rod-like geometry in a polymeric 
material as the result of an end-to-end combination of 
repeating units, the electron density distributed around 
the long axis of the polymer, variously treated as a 
25 cylindrical or ellipsoidal distribution, is believed to 

comprise a major contributing factor to optical anisotropy 
or birefringence. High electron density substantially 
cylindrically distributed around the long axxs of a polymer 
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; and said divalent 



5 radical B is a substituted quaterphenylene radical having 
the formula 




wherein each U is a substituent other than hydrogen, each W 
is hydrogen or a substituent other than hydrogen, each p is 
an integer from 1 to 3, each X is hydrogen or a substituent 
other than hydrogen and each r is an . integer from 1 to 4 , 
said u, W p and X r substitution being sufficient to provide 
said radical with a non-coplanar molecular configuration. 

24. A deviqe according to claims 22 or* 23 each of U and 
X in said formula of radical B is a substituent selected 
from the group consisting of halogen, nitro, alkoxy and 
trif luoromethyl . 



25 



25. A multilayer light-transmitting device comprising, in 
assembled bonded relation: a layer of transparent molecular- 
ly oriented highly birefringent polymer according to any 
of the preceding claims; said multilayer light-transmitting 
device including at least one additional transparent 



and comprising isotropic or birefringent material; said at 
least one additional transparent layer, when a layer of 
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, thereof substantially different from one index of refract- 
ion of said layer of transparent molecularly oriented 
highly birefringent polymer and having a molecular onent- 
ation substantially perpendicular to the molecular onent- 
ation of said molecularly oriented highly birefringent 

5 polymer . 

o 6 n multilayer light-transmitting device according to 
claim 25 wherein said layer of transparent molecularly 
oriented highly birefringent polymer is bonded to a trans- 
10 Parent layer having an index of refraction substantially 
matching one index of refraction of said transparent 
molecularly oriented highly birefringent polymer. 

27 • A multilayer light-transmitting device according to 
claim 25 wherein said layer of transparent molecularly 
oriented highly birefringent polymer is bonded between two 
transparent layers, one transparent layer having in index 
of refraction substantially matching the .lower index of 
refraction of said transparent molecularly oriented highly 
20 birefringent polymer. 

28. A multilayer light-transmitting device according to 
claim 27 wherein one of said two transparent layers has an 
index of refraction substantially matching the lower index 
25 of refraction of said transparent molecularly oriented 

highly birefringent polymeric material and the second of 
said two transparent layers has an index of refraction 
substantially matching the higher index of refraction of 



15 



29 



. . - 4. i nr device according t< 
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index value of 1.2 or higher. Experimentally determined 
birefringence values for polymeric materials have been found 
to correlate with calculated geometric indices. For example, 
a geometric index of 1.2 0 was calculated for the recurring 
structural unit of the following polymer: 



O 

II 



H 
I 



C = C 




J 



n 



Theoretical maximum birefringence (An ) was obtained by 

plotting the orientation function for the polymer (calculated 

from infrared dichroism) against the measured birefringence 

15 of the polymer and extrapolating to 100 % orientation. A 

A "max valu e of 1.20 was obtained. In like manner, a 

correlation of geometric index G of 1.18 and An of 0.98 

, max 
was obtained in connection with the following polymer 

comprising the shown recurring unit: 



20 



25 



0 
II 



H 




0 H 

I J \ II I / 



c = 9-< o y-c 



I MS 

H 



\ 




n 



A number of polymeric materials comprising recurring units 
having a geometric index as hereinbefore defined of about 
0.5 or higher can be suitably employed in oriented form as 
a birefringent polymeric material in an optical device of 



p:.=:._. ;:.^.ti:t;i ^: nor.-cop_ar.ar molecular 

configuration are especially suited herein and are generally 
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1 high geometric index G and high birefringence are certain 
polyamide materials including recurring units comprised, 
for example, of interbonded aromatic rings where the 
aromatic rings are in twisted relation to one another, i.e., 
where the aromatic rings are in a non-coplanar molecular 
5 configuration with respect to each other or, preferably, in 
™h,»Uv orthogonal planes. It has been found that the 
presence of substituent moieties on interbonded aromatic 
radicals, of type and position such as to effect a non- 
coplanar molecular configuration with respect to the mter- 
10 bonded aromatic radicals, provides a recurring unit having 
a high . geometric index. The condition of non-coplanar ity 
among aromatic rings in a recurring unit, or presence in 
such units of rings in » twisted" configuration relative to 
one another has been found to be importantly related to 
15 high birefringence in the rigid rod-like oriented polymers 
resulting from the end-to-end joining of such recurring 
units . 

Among polyamide materials suited to application as highly 
20 birefringent layers in the devices of the invention are 
polyamides comprising repeating units of the formula 



25 
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II 

4-C - A 
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N 




. j. * *. . j- 



o 



Ivl) / aralky 1 (e.g. 



eacr. nyaro^t::. / 

phenyl, naphthyl) , alkaryl (e.g., 

r i, zero or one; and wherein, when c is one, at 
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3 (1) a divalent substituted biphenyl radical 




wnere u is a suostituent other tnan hydrogen, each W 
is hydrogen or a substituent other than hydrogen, p is 
an integer from 1 to 3, each X is hydrogen or a sub- 
stituent other than hydrogen and r is an integer from 
1 to 4 , said U, Wp and Xr substitution being sufficient 
to provide said radical with a non-coplanar molecular 
configuration; and 



10 



15 (2) a divalent substituted stilbene radical 



20 



4> 



z z - 

[ I 

C=C 




25 



where each of Y and Z is hydrogen or a substituent 
other than hydrogen and each t is an integer from 
1 to 4, with the proviso that when each said Z is 
hydrogen, at least one said Y substituent is a sub 
stituent other than hydrogen positioned on the 
corresponding nucleus ortho with respect to the 



coplanar molecular configuration ; 
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As used herein, substitution sufficient to provide a 
radical with a non-coplanar molecular configuration refers 
to substitution of type and position effective to confer 
to the interbonded aromatic radical thereof a non-coplanar 
molecular configuration such that the value of the geo- 
metric index, as hereinbefore defined, is about 0 . 5 or 
higher. Preferably, the nature of such substitution will be 
sufficient to provide a G value of 1.0 or higher, and most 
preferably, 1.2 or higher. 

As described hereinbefore, birefringent polyamides useful in 
devices of the present invention include those comprising 
recurring units of the formula 

> — 

0 /OR 

II Ml I 

15 --C - A-^-C - N - B^r Nj- Formula I 

wherein c is zero or one and wherein A (when c is zero) or 
at least one of A and B (when c is one) comprises a sub- 
stituted divalent biphenyl radical or a sub- 

20 stituted divalent stilbene radical. Thus, when c is zero, 
divalent radical A comprises a substituted biphenylene 
radical having a non-coplanar molecular configuration or a 
substituted divalent stilbene radical of non-coplanar molec- 
ular configuration. Similarly, when c is the integer one, 

25 one or both of divalent radicals A and B comprises such sub 
stituted biphenylene or substituted stilbene radicals. It 
is preferred from the standpoint of ease of preparation 
t>at each of R and R 1 be hydrogen, although each of R and 



^.'tbp^w — ' * 
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o 
II 



0 

II 



C-A-C-N-B-N-r- 



R 
I 

N 



Formula II 



In such recurring units, at least one of divalent radicals 
A and B will comprise a substituted biphenylene or sub- 
stituted stilbene radical of non-coplanar, molecular con- 
figuration conforming to the formulae 



10 



15 




20 

Where only one of said A and B radicals is a substituted 
biphenylene or substituted stilbene radical conforming to 
the radicals represented by the structures of Formulas III 
and IV, the remaining A or B radical can comprise any of a 
25 variety of divalent radicals so long as the birefringent 
properties of the polyamide material are not effectively 
negated. In general, where only one of the A and B radical 



eccentricity to the recurring unit. Similarly, where one 
of radicals A or B is a radical which confers transverse 
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15 



20 



25 



polymer exhibits a high geometric index. Suitable divalent 
radicals include, for example, unsubs tituted biphenylene 
or stilbene radicals; phenylene; trans-viny lene ; or 

* n ~ citshlP are polyunsaturated divalent 
ethynylene. Also suitaoie are puip 

radicals conforming to the formula 




where n is an integer of at least two (e.g., two or three) 
and each of D and E is hydrogen or alkyl (e.g., methyl) and 
inclusive of such polyunsaturated divalent radicals as 

H H 



i i 



trans-trans- 1 ,4-butadienylene, i.e., -C=C-C=C-; and 1,4 

H H 

CH, H H 



■ ■ 



dimethyl-trans- trans- 1 ,3-butadieny lene, i.e., -C - C - C = C-. 

CH, 

It will appreciated that compounds containing amino groups 
directly attached to carbon atoms having linear unsaturated 
radicals are not stable and that, accordingly, the afore- 
said vmylene, ethynylene and butadienylene radicals 
cannot serve as B radicals in the recurring units repre- 
sented by the structure of Formula II. 

in general, from the standpoint of maximized birefringent 
properties, it will be preferred that each of radicals A 
and B comprise a divalent radical exhibiting a non-coplanar 
molecular configuration and conforming to the structures 



airect t.-e at-i-it\ _~ .ta^^^j - 

i_ v- - i - vo irrnrr'r.alv, where 
as by extrusion, stretcning or the xxke. A n -» 

......... . c . r?.*-rria! to be oriented is 
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1 each of radicals A and B of non-coplanar molecular configur- 
ation and conforming to the structures of Formulas III or 
IV, it will be preferred that only one of such radicals A 
and B of the polyamide material conform to the structure 
of Formulas III or IV. 

5 

In the case of radicals A and/or B of the recurring type 
represented by Formula III,- U will comprise a subs t ituent 
other than hydrogen; W will be either hydrogen or a sub- 
stituent other than hydrogen; and p will be an integer of 
10 from 1 to 3. In the case of such radicals, X will be 

hydrogen or a substituent other than hydrogen and r will be 
an integer of from 1 to 4 . It will be appreciated from the 
nature of U, W, p, X and r, as set forth, that at least 
one aromatic nucleus of the biphenylene radical represented 

15 by Formula III will be substituted by a moiety other than 
hydrogen and that 'such substituent, U, will be positioned 
in an ortho relationship to the bridging carbon atoms of 
the biphenylene nuclei. Preferably, each aromatic nucleus 
of the biphenylene radical of Formula III will contain a 

20 substituent other than hydrogen positioned in an ortho 
relationship to the bridging carbon atoms of the bi- 
phenylene radical of Formula III and in this case, the 
divalent radical will have the following formula 




' "* *"> o * CI C\ ^ *" * * *~ ^~ /"* \ *~* v " * ■ * <™ ■*» — ■■ > >— v ^ <--^ r> i • »-»> y --■ ' -i i 
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having a non-coplanar molecular configuration. While 
applicants do not wish to be bound by precise theory or 
mechanism in explanation of the highly birefringent 
character observed in oriented polymers comprising recurring 
units of high geometric index, it is believed that the non- 
i coplanar character conferred or promoted by the presence xn 
a polymer of such recurring units provides a distribution 
of high electron density cy lindr ically about the long axis 

^ . , mu,^ ^rfrihnHon is believed to be 
of the poiymei . j.hx.=> 

importantly related to unusually high birefringence - 
3 observed in such polymers. 

The nature of substituency , 0. *P and Xr should be such as 
to provide the biphenylene radical of formula III with a 
non-coplanar molecular configuration referred to herem- 
15 before. Such configuration will in part be determined by 

the positioning and size of non-hydrogen substituents on the 
aromatic nuclei of the biphenylene radical and upon the 
number of such substituents on such aromatic nuclei. For 
example, where the biphenylene radical contains a single 
20 non-hydrogen substituent, i.e., substituent U, the nature 
and, in particular the size of such 0 substituent, should 
be such as to provide the desired non-coplanar molecular 
configuration. Suitable U substituents herein include 
halogen (e.g., fluoro, chloro, bromo , iodo) ; nitro; a Ikyl 
25 (e.g., methyl, ethyl); alKoxy (e.g., rnethoxy) ; substituted- 
alkyl (e.g., trif luoromethyl or hydroxymethyl) ; cyano; 
hydroxy; thioalkyl (e.g., thio.ethyl) ; carboxy; sulfonic 
acid esters; sulfinic acid esters; carboxyamide ; sulfon- 
. , . carbonvl. Substituent X can comprise 



ubstiwuent. otr.e: 



will comprise as 

n comprise hydrogen or a subsdtue... c..e- 

, r - ->rr. with substituents 



substituent W can comp 
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Preferred polyamides herein are the polyamides comprising 
recurring units having the biphenylene radical of 
Formula V, i.e., 




wherein each of U and X is a substituent other than 
hydrogen. The presence of such non-hydrogen substituents 
on each of the aromatic nuclei of the radical promotes a 
condition of non-coplanarity . Examples of such preferred 
substituents, which may be the same or different, include 
halo, nitro, alkoxy and substituted-alkyl (e.g., trifluoro- 
methyl) . While the presence of such non-hydrogen sub- 
stituents is preferred from the standpoint of promoting 
non-coplanarity, it will be appreciated ,from the nature of 
substituents W and X set forth in connection with Formula III 
hereinbefore, that each X and W can be hydrogen and that, 
accordingly, substituent U will in such instance desirably 
comprise a bulky substituent such as will provide steric 
hindrance to a condition of coplanarity. 



In the polyamides of the present invention which comprise 
recurring units represented by the following formula 



0 0 

It II 
-t-C - A - C 



R 
I 

N - B 



R 1 " 



- N 



Formula II 
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in such stilbene radicals, the nature of each Y and Z will 
be such as to provide the radical with a non-copLanar 
molecular configuration. Preferably, non-coplanarity will 
be provided by the presence of a single non-hydrogen sub- 
stituent Z. Where each Z is hydrogen, non-coplanarity can 
be provided by the positioning of a non-hydrogen Y sub- 
stituent on at least one aromatic nucleus of the radical in 



25 



an ortho relationship to the -C= moiety of the radical. 
Suitable non-hydrogen Y and Z substituents include, for 
n0 example, any of those set forth in connection with radicals 
U, W and X defined hereinbefore. 

Examples of preferred stilbene-type radicals included 
within the class represented by Formula IV include the 
15 following: 

* 11 H 

/ O)— C= C~\0/~ Formula V I 



\ / / \ / 

Y 



where at least one of the Y substituents is other than 
hydrogen, preferably, halo or alkoxy; and 




Formula VII 



— 



rtp^ <-har. hvdrogen, preferably 



Inclusive of polyamides or tne presen - 

f Formula II are those having recurring 



bv the structure o 



.1 c c 
t- S3 ~J 



tr.e meanings set r 



r**-*-^ here ir.be fore : 



I 




20 



0062751 




- 21 - 



0062751 



0 

o 
o 
o 



in 

O 
rr 

rr 

o 

rr 

rr 

rr 
a 
o 




1 


I 







rr 

Q 
Q 

a 
x 

D 

o 

rr 

o 



rr 

a 
o 

O 



r 




2 — rr 



2 

C 
I— • 
0J 



3 



From inspection of the general formula set forth as 
descriptive of recurring units of the nol vamides . -: 




1 



\ r 



C - N - Bj— n 



Formula I 
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1 it will be appreciated that, when c is zero, the recurring 
units will be represented by the following formula: 



O 

I! 
c 



f 



— C - A - N 



J 



Formula XVIII 



10 



In such recurring units, radical A will comprise a divalent 
radical having a non-coplanar molecular configuration and 
conforming to the structures of Formulas III and IV set 
forth hereinbefore, i.e., 



15 



20 




W 



or 




Formula III 



Formula IV 



25 



where U, W, p, X, r, Y, t and Z have the same meanings. 

Inclusive of polyamides represented by the structure of 
Formula XVIII are those having recurring units represented 
k.. <-v.c cniinw'i'! structures wherein U, W, p, X, r, Y 
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where X is other than hydrogen; 



15 



J" 0 Y t 

fl<o> 



Z Z 

! I 

c = c 




H 



N 



J 



Formula XIX 



Formula xx 



Formula XXI 



20 



0 Z H H 

il /~~Y 1 in J 



J 



where Z is other than hydrogen 



Formula XXI i 



25 



While the polyamides described herein consist essentially 
of recurring units represented by the structures of 
Formulas I! and XVIII, i.e., recurring units of the 
formulas 
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also comprise recurring units not conforming to the 
described structures of Formulas II and XVIII. Examples 
of recurring units which do not conform to such descriptions 
and which can be present in such polyamides in proportions 
which do not negate the high birefringence of the poly- 
meric material include, for example, recurring units having 
the formulas 

Formula XXIII 
Formula XXIV 
Formula XXV 

wherein G is a divalent radical such as 1 , 4-phenylene ? 
4,4* -biphenylene ; vinylene; trans , trans -1 , 4-butadienylene ; 
4,4' -stilbene; ethynylene; 1 , 5-naphthalene ; 1 ,4-dimethyl- 
trans , trans - 1 , 4-butadienylene ; 2,4' - trans -vinylenephenylene ; 
trans , trans-4 , 4 ' -bicyclohexy lene ; 2,5 , 7-bicyclooctatriene- 




V 




provided that such radicals do not. adversely and materially 

. n 4-v..- v c r ^o^^o -f th*^ ro.varr.ide material. It will 



saturated moiety where a career, atom t:;erecr r.a 
unsaturation is to be bonded tc ar. ammo group. 
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3 The substituted polyamides utilized in devices of the 
present invention can be prepared by resort to polyamide 
synthesis routes involving the polymerization of suitable 
acid halide and amine monomers in an organic solvent which 
may contain a solubilizing agent such as lithium chloride 

5 or chain-terminating agent where desired. Polyamides of 
the type represented by the structure of Formula 1 can be 
prepared, for example, by the reaction of a dicarboxylic acid halide 

0 0 

M || 

of the formula Hal-C-A-C-Hal with a diamine of the formula 
10 R R 1 

H-N-B-N-H, where Hal represents halogen, such as chloro or 
bromo and A and B have the meanings hereinbefore set forth, 
except that B cannot represent an aliphatic unsaturated 
moiety x The reaction can be conducted in an organic solvent 

15 such as N-methyl pyrrolidone (NMP) , tetramethylurea (TMU) 
or a mixture thereof, and preferably, in the presence of 
a salt such as lithium chloride to assist in the solubiliz- 
ation of reactant monomers and maintenance of a fluid 
reaction mixture. The preparation of a polyamide of the 

20 present invention can be illustrated by reference to the 
preparation of poly (2 , 2 1 -dibromo-4 , 4 ' -bipheny lene) - trans - 
OC -bromo-p,p ' stilbene dicarboxamide , a preferred polyamide 
herein, in accordance with the following reaction scheme: 

25 
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Polyamides containting recurring units having the structure 



i-1 



can be prepared, for example, by the polymerization of a 
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other salt. This polymerization can be illustrated by 
reference to the preparation of poly (2 , 2 ' -dibromo-4 , 4 ' - 
biphenylene) carboxamide in accordance with the following 
reaction scheme showing the polymerization of the hydro- 
chloride salt of 2 ,2 '-dibromo-4-amino-4 ' -chlorocarbonyl- 
biphenyl : 




Substituted polyamides useful in optical devices of the 
present invention can be prepared by polymerization of * 
correspondingly substituted monomers in a suitable organic 
reaction solvent. Such solvents include amide and urea 
solvents including N-methyl-pyrrolidone and N ,N ,N 'N 1 -tetra- 
methylurea. Other suitable reaction solvent materials 
include N-methyl-piperidone-2 ; N ,N-dimethylpropionamide ; 
N-methylcaprolactam; N ,N-dimethylacetamide ; hexamethyl- 
phosphoramide ; and N ,N 1 -dimethylethy lene urea. The' poly- 
merization can be conducted by dissolving the monomer or 
monomers to be polymerized in the reaction solvent and 
allowing the exothermic polymerization reaction to occur 
usually with the aid of external cooling. In general, the 
polymerization will be conducted initially at a temperature 
of from about -20°C to about 15°C, and preferably, in the 
range of from about -5°C to about 5°C. Thereafter, 



V 



erization reaction will be conducted over a period of from 



about 1 to 24 ho v. , p^p^p^aniv - 1 v,,^>- l +- -> ± 



dissolved in a suitable amide or urea solvent and allowed 
to react with formation of the desired polymeric material, 
a preferred reaction sequence where a mixture of copoly- 
merizable monomers is utilized involves the preparation 
of a solution of a first monomer in the amide or urea 
solvent and the addition thereto of a second or other 
monomer or a solution thereof in a suitable organic 
solvent therefor, such as tetrahydrof uran . External cooling 
of the resulting reaction mixture provides the desired 
polyamide material in high molecular weight and minimizes 
the production of undesired side reactions or by-products. 

The polyamide materials prepared as described can be 
recovered by combining the polymerization reaction mixture 
with a non-solvent for the polymer and separating the poly- 
mer, as by filtration. This can be effectively accomplished 
by blending the polymerization mixture with water and 
filtering the solid polyamide material. The polyamide can 
be washed with an organic solvent such as acetone or ether 
and dried, for example, in a vacuum oven. 

Polyamide materials as described hereinbefore and methods 
for their preparation are described in greater detail in 
the European Patent Application of E.G. Rogers, R.A. 
Gaudiana, J.S. Manello and R.A. Sahatjian, Attorney 
Docket No. 3920-X-11 .692 filed of even date herewith. 

While the transparent highly birefringent materials useful 
in the devices of the present invention have been set forth 



of other polyamide types, or of types or classes other 
oolvamides, can likewise be utilized herein where the 
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1 particularly useful herein are transparent polyamide 
materials comprising recurring units corresponding to 
Formula I hereof wherein c is zero or one, each of A and 
B is a divalent radical, except that B can additionally 
represent a single bond, and at least one of A and B is 

5 a substituted-quaterphenylene radical having the formula 



U 



10 




wherein U, W, X, p and r have the meanings set forth 
herein and the U, W p and X r substitution is sufficient to 
15 provide the radical with a non-coplanar molecular con- 
figuration. 

The above substituted-quaterphenylene polyamides can be 
prepared, for example, by reaction of a suitably sub- 

20 stituted quaterpheny lene diamine and a dicarboxylic acid 
or halide. These polymers and their preparation are 
described in greater detail and are claimed in the 
European Patent Application of R. A. Gaudiana and P.S. 
Kalyanaraman, (Attorney Docket No. 3920-X-1 1 . 692) filed of 

25 even date herewith. 

Transparent polymeric materials from classes other than 
polyamides and which can be utilized herein include, for 

units, where U, W, X, p and r have the meanings herein- 
before ascribed, can be utilized herein: 



- 30 - 



0062751 



J 



1 

1 




1 



Such polymeric materials can be prepared by reaction of a 
dicarboxvlic acid compound of the formula 



10 




1 



15 



with an amino-thiol of the formula 

I°X 

HS 2 ■ 



20 in a suitable organic so 
polymeric material. 



lvent with recovery of the desired 



Polymers comprising the following imidazole-containing 
repeating units can also be employed herein, where U, W, 



25 X, p and r have 



the meanings hereinbefore described. 



U 




1 ■ - — «3 Q (7 



? ~ he ore.ared, for example, by reaction 
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5 with 1 ,2,4, 5-tetramino-benzene . 



10 



Polymers containinq recurrinq units having an oxazole 
moiety can be suitably prepared by reaction of a dicarb- 
oxylic acid compound as af oredescribed with, for example, 
1 , 4-dihydroxy-2 , 5-diamino-benzene , with formation of a 
polymer containing the following recurring units where U, 
W, X, p and r have the meaning set forth hereinbefore. 



15 




\ 



/ 



Polyester materials can also be suitably employed herein 
20 Exemplary of such polyesters are those having recurring 
units of the formula 



■ 



25 




wherein each U, W, X, p and r has the meaning set forth 



present invention e poi^iueib ^ wm^*, xjh^ ^l^u-.4. 
v: nit? of t h p 



^ ^ >- 1 * i ^ 
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II II 

Mu-C-Az-C 



wn 



here Mu is a divalent radical having the formula 



10 



15 



20 



D E 
I I 

-c=c-c=c- 



where each of D , D ' , E and E ' is hydrogen, alkyl or sub- 
stituted-alkyl; and Az is a divalent radical having the 
formula 

R R' 
I I 
-N-W-N- 

where each of R and R ' is hydrogen, alkyl, aryl, alkaryl or 
aralkyl and W is a single bond, alkylene or alkenylene; or 
Az is a divalent radical having the formula 

-N N- 



25 



where each of Y and Y 1 represent the atoms necessary to 
complete with the nitrogen atoms to which they are bonded 
a piperazine or substituted-piperazine radical. 

.. ^ ^ ; ~ *■ 1 *• ^^-o^^*-^^ bv reaction o 



amine such as piperazi 
nethylpiperazine . 



ne, 2-nethyipiperazine or 2,5-d 
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the present invention can be variously formed or shaped 
into films, sheets, coatings, layers, fibrils, fibres or 
the like. For example, a solution of a substituted poly- 
amide as described hereinbefore, in a solvent material such 
as N,N-dimethyl-acetamide , optionally containing lithium 
chloride solubilizing agent, can be readily cast onto a 
suitable support material for the formation of a polymeric 
film or layer of the polyamide material. The polymeric film 
can be utilized for the production of a birefringent poly- 
meric film or sheet material which can be utilized in an 
optical device of the invention. Thus, a polymeric film or 
sheet material can be subjected to stretching so as to 
introduce molecular orientation and provide a film material 
having a highly birefringent character. 

Known shaping or forming methods can be utilized for the 
orientation of polymeric materials suited to application 
in devices of the present invention. Preferably, this will 
be accomplished by unidirectional stretching of a poly- 
meric film, by extrusion of the polymer into a sheet, 
layer or other stretched form, or by the combined effects 
of extrusion and stretching. In their oriented state, the 
polymers utilized herein exhibit unusually high bire- 
fringence. In general, greater birefringence will be ob- 
served in the case of polymeric materials exhibiting a 
greater degree of molecular orientation. It will be 
appreciated, however, as has been pointed out hereinbefore, 
that the particular molecular structure or configuration of 
the polymeric material mav affect desired chvsical 



significant aspect of the present invention, however, that 
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10 



in this connection, it is to be noted, for example, that 
the substituted polyamides described herein will often ex- 
hibit higher birefringence than the more highly oriented 
materials of different polymeric structure. For example, 
an extruded film of a substituted polyamide hereof 
comprised of recurring units of the formula 



0 
II 



H 





and having a degree of orientation in the range of from 
about 80 % to 85 % as determined from infra-red dichroism, 
15 exhibited a birefringence U n) of 0.865 as measured 
utilizing principles of interf erometry . In contrast, a 
polyamide fibre material and comprised of recurring units 
of the formula: 



20 



25 



0 

II 

c 




is reported in the literature, A. A. Hamza and J. Sikorski, 
j Microscopy, VI3, 15 (1978), as having a birefringence 
of 0.761, as measured by interf erometric technique and at a 
~r of about 90 % to 95 %. 



sirably simulate to 



zhe maxiumu.T. i.:a:::ca. ext«: 



optical properties of a u 



niaxial crystal. Accordingly, the 
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3 Optical efficiency and maximum birefringence will be 
realized where such substantially uniaxial behaviour is 
exhibited by such polymers. 

The molecularly oriented birefringent polymers utilized 
5 herein will preferably exhibit a birefringence of at least 
about 0.2, and more desirably, a birefringence of at least 
0.4. Thus, preferred polymers for use in the articles 
hereof will exhibit substantially uniaxial optical behaviour 
and a birefringence of at least about 0.2 and will be 
10 comprised of recurring units having a geometric index of 
about 0.5 or higher. 

The birefringent polymeric materials utilized in the 
devices of the present invention, in addition to exhibit- 

15 ing high birefringent properties, are advantageous from 
the standpoint of their transparency. In contrast to poly- 
meric materials which become decidedly opaque as a result 
of stretching, birefringent materials hereof exhibit 
transparency in unoriented and stretched forms. For example, 

20 the substituted polyamides described herein exhibit a high 
transparency and a low order of light scattering, exhibit- 
ing a ratio of amorphous to crystalline material of from 
about 10:1 to about 20:1 by weight. These materials are, 
thus, suited to optical applications where a light-trans- 

25 missive, highly refractive and birefringent material is 
desirably utilized. Depending upon the nature of sub- 
stituent moieties on the divalent radicals of the re- 



are present, a yellow transparent film or fibre can be 
fabricated. Films, coated or other shaped forms of the 




and particularly the nature of substituent moieties and 
solvent materials, the solubility characteristics of these 
substituted polyamides can be varied or controlled to suit 
particular applications. 

The birefringent properties of polymers utilized in the 
devices of the present invention can be determined by the 
measurement of physical and optical parameters in accord- 
ance with known principles of physics and optics. Thus, 
for example, the birefringence (An) of a suitable bire- 
fringent polymeric material can be determined by the 
measurement of optical phase retardation (R) and film 
thickness (d) and calculation of birefringence in accord- 
ance with the relationship 



An = - 7^ 



where \ represents the wavelength of light utilized for the 
conduct of the measurements. Alternatively, parallel re- 
fractive index and perpendicular refractive index of the 
film material can be measured utilizing Becke line analysrs 
or critical angle measurement. 

A preferred method for determining the birefringence of 
useful polymeric materials involves the measurement of 
retardation of the polymeric material by a method utilizing 
principles of polarized-light microscopy and interfero- 
metry. Such method provides desired precison and accuracy 
in the measurement of the phase difference between a sample 



light emit 



bv a low-voltage lamp of a microscope is 



linearlv oolarized by passage through a polarizer and, in 
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a beam recombinator calcite plate, and through an 
analyzer whose transmission direction is vertical to that 
of the polarizer (crossed position) . In the analyzer the 
components vibrating in its absorption direction are ex- 
tinguished, whereas the components of both rays in the 
transmission direction are transmitted and interfere. The 
phase difference between sample and reference beams . caused 
by the molecular structure or configuration of the poly- 
meric sample, is measured with compensators. From these 
measurements, the thickness and refractive index of the 
polymeric material can be determined. By determining index 
of refraction of the polymeric sample for both parallel and 
perpendicular directions, birefringence can, by difference, 
be determined. A suitable method and apparatus for determ- 
ining phase retardation, index of refraction and bire- 
fringence for the polymeric materials utilized herein is 
a pol-interf erence device according to Jamin-Lebedef f 
described in greater detail by W.J. Patzelt, "Polarized- 
light Microscopy , " Ernst Leitz GmbH, Wetzlar, West Germany, 
1974, page 92. 

Preferred optical devices of the present invention are 
multilayer devices which include a layer of molecularly 
oriented and highly birefringent polymeric material as 
described hereinbefore, and in addition, at least one 
layer of isotropic or birefringent material. The additional 
layer or layers whether isotropic or birefringent, 
comprises a material having an index of refraction matching 

t *■ h ( ■ ■> t \ r~ - v - t t *■ ■■ . /J - • * > . * > • A ' * ■ t . . * •• -• • r ■ ' < i * . * , ' 
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laiiy one index of refraction of the highly birefringent. 
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1 of refraction of each isotropic layer constituting sub- 
stantially a match with an index of refraction of the 
molecularly oriented and highly birefringent material. 
Such preferred device can be utilized for the polarization 
of light and may be termed a "total transmission" light 

5 polarizer, i.e., one which is particularly adapted to 
polarize a very large portion of incident light. Total 
polarizers find application in equipment such as may be 

employed tor signanuy , ^iujci-Li.^ - — 1 ■> <■ 

or the like, and in anti-glare systems for automotive 
10 vehicles. 

According to another embodiment of the present invention, 
a molecularly oriented and highly birefringent material as 
defined herein can be suitably bonded to an additional 
layer of birefringent material. In such an embodiment, one 
index of refraction of the molecularly oriented and highly 
birefringent material will match substantially one_ index of 
refraction of the additional birefringent material. Similar- 
ly, the second index of refraction of the molecularly 
oriented and highly birefringent material will be sub- 
stantially a mismatch with respect to the second index of 
refraction of the additional birefringent material. Where 
a layer of molecularly oriented and highly birefringent 
material is bonded to an additional layer of birefringent 
material, the direction of orientation of each contiguous 
birefringent material will be substantially perpendicular 
with respect to the other. 

- p-hodir.er.t of the present invention, 



15 



20 



25 



1 .u}'t::a w . 



birefringent material comprising a molecularly oriented 



partly transmits and partly 
separate linearly polarized 
gonal directions. 



reflects incident light 
components vibrating in 



as 

ortho- 



In Fig. 5 is shown, in considerably exaggerated dimensions, 
an optical device of the present invention in the form of 
light-polarizing sheet material 10 as it would appear in 
v,^.w^- — ~ , i.uiucxj , viewea aiong a given edge. In 
order of arrangement with respect to the direction of a 
collimated beam 12 from a light source (not shown) the 
material is composed of an isotropic, or at least function- 
ally isotropic layer 14 having a releatively low refractive 
index, a molecular ly oriented highly birefringent polymeric 
layer 16 and a functionally isotropic layer 1 8- having a 
relatively high refractive index, the layers preferably be- 
ing laminted or bonded together to form a unitary structure. 
It is not essential to the proper functioning of the device 
that the layers thereof be bonded together, provided, how- 
ever, that adjacent or contiguous layers enclosing an air 
layer are maintained paralled to one another. One refract- 
ive index of, the polymeric molecularly oriented and highly 
birefringent layer 16 matches substantially that of 
layer 14 while the other refractive index thereof matches 
substantially the index of refraction of layer 18. For 
purposes of illustration, the aforesaid refractive indices 
may be taken as follows: the refractive index of layer 14 
is 1.50; the two indices of layer 16 are 2.00 and 1.50; 
and the index of layer 18 is 2.00. 



-r.terrace between layers id and 15 is composed of a 
plurality of lens-like or lenticular elements 16b. It will 



- 40 



0062751 



, preted as constituting a plurality of surface conf irjurations, 
including prismatic elements, as well as those of a strictly 
lens-like form. A certain degree of latitude is possible as 
to the choice of materials employed in forming the several 
layers. Thus, for example, layer 14 may suitably be composed 
5 of an isotropic plastic material such as poly (methylmeth- 
acrylate) having a refractive index of 1.50. Layer 16 can, 
accordingly, be composed of a transparent plastic layer which 
for example, has been rendered birefringent as by unidirect- 
ional stretching. Suitable for this purpose is the polymeric 
10 material, P olyC2 , 2 ■ -bis ( trif luoromethy 1) -4 , 4 ' -biphenylene] 2" , 
2--dimethoxy-4,4'"-biphenyldicarboxamide having refractive 
indices of 1.50 and 2.00 when thus rendered birefringent. 
Layer 18 can be suitably comprised of or incorporate a trans- 
parent isotropic material having an index of refraction 
15 approximating the higher index of birefringent layer 16. 

t 

i 

One such material is poly ( 2 , 2 1 -dibromo-4 , 4 ' -biphenylene) - 
4" ,4" '-stilbenedicarboxamide having an index of refraction 
of 2.07. Alternatively, layer 18 can comprise poly (2,2 ' -di- 
2 0 bromo-4 , 4 ' -biphenylene ) -cc -bromo-4 " , 4 " 1 -stilbenedicarbox- 
amide having a refractive index of 2.05. 

One method of constructing the sheet material is to form the 
birefringent layer 1 6 by a casting, or a casting and 
25 embossing procedure, after its proper solidification, and 
casting the isotropic layers 1 4 and 1 8 on the opposite 
lenticular surfaces thereof. The birefringent layer 16 may 
be composed of substantially any material having a bire- 



and 18. It may also be formed by any cf several different 
rr ^edures. Assuming, by way of illustration, that the bi- 



w ^- ~> * * 
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1 able material, such as the aforementioned material, 

poly £2 ,2 ' -bis ( trif luoromethyl ) -4 , 4 1 -bipheny lene}-.2 " ,2" ' - 
dimethoxy-4" ,4 "'-biphenyldicarboxamide , i.e. a sheet of a 
given length and predetermined thickness, can be first 
extruded or cast. The sheet can then be subjected to a 
5 mechanical stress in a longitudinal direction to elongate 
and molecularly orient it, as by a stretching operation in 
the presence of heat or other softening agent, or by a cold 
drawing method, or, again, by applying amechanical stress 
to its surface. The direction of stretch or other applicat- 
10 ion of orienting stress is to be taken as having been per- 
formed toward and away from the viewer, namely, in a 
direction normal to the plane of the paper. This being the 
case, the optic axis 20 of layer 16 constitutes a direction 
both in the plane of layer 16 and normal to the plane of the 
15 paper. 

Birefringent layer 16, having acquired the desired, bire- 
fringence as, for example, a birefringence of 1.50 and 2.00, 
assuming the stated refractive indices, can then be sub- 

20 jected to surface modification to form thereon the converg- 
ing ,or positive lenticular elements 16a and the diverging 
but functionally converging or positive lenticular ele- 
ments 16b. This can be suitably performed by passing the 
material between embossing means such as embossing blades, 

25 wheels or the like, the surfaces being slightly softened as 
by a solvent or heat, or both, as may be necessary during 
their treatment but not to such an extent as would relax 
the material and alter the oreviouslv provided orientation 



ir.civ, the lenticules, as illustrated, are ceneraliv 
cvlmdrical with their axes extending parallel to the 

-A 
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10 



15 



20 



predetermined separation and focusing of the respective 
rays . While lenticular means of the type described con- 
stitute one preferred configuration, they may be so formed 
as to extend in other directions of the sheet or even have 
a spherical shape, provided that their refractive 
characteristics are properly chosen and the birefringence 
of the material is suitable. Alternatively, the lenticules 
may be formed by a grinding and polishing procedure or the 
sheet may be stretched or otherwise treated fur orienting 
its molecules after the lenticules have been formed thereon. 

After completion of the surfacing of the birefringent 
layer 16 and either prior to or after its orientation, the 
isotropic layers 1 4 and 1 8 are assembled therewith or formed 
thereon by any appropriate method such as by casting them 
in liquid form on the preformed layer 16. Assuming that the 
material of layers 14 and 18 is not of a type to "use any 
disturbing double refraction of light rays when solidified 
and subjected to mechanical stress, as by stretching, the 
stretching and desired molecular orientation of layer 16 
may be accomplished after casting and solidifying layers 14 
and 18 on its surfaces, the entire sheet 10 then being 
stretched as a unit. Or, the layers 1 4 and 1 8 may be cast 
on laver 16 after orientation of the latter. Alternatively, 
and again assuming layers 1 4 and 1 8 to be substantially 
incapable of becoming birefringent when stressed, they may 
be preformed so as to have the lenticular surfaces shown, 

a ir> mrrectlv spaced relation, the bire- 
suoerimposed in correctly s f ov - 

f/ingent layer 16 C.»d therebetween in a fluid state and 

. c^p'-rhed. Tn a further 



relation therewith, after tne iayer 
acauire a proper birefringence. 



has been t-reatec t~ 
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1 lenticules 16a and 16 b are relatively offset from left to 
right, that is transversely of the sheet 10, so that the 
vertices of lenticules 16a are optically aligned with the 
longitudinal edges or intersections of lenticules 16b. 
While the lenticules 16a and 16b are shown as being 
5 spherical and of similar radii of curvature it will be 
understood that neither of these conditions is essential, 
per se . the choine depending in general upon the direction 
in which the rays are required to be refracted, the extent 
of their travel in said directions, and such factors as the 
10 refractive indices and thicknesses of the layers. 

The collimated beams 12, emanating, for example, from a 
light source and reflector of a headlamp (not shown) and 
normally incident upon the isotropic layer 14, are trans- 
15 mitted without deviation through the latter to the converg- 

■ 

ing cylindrical lenticules 16a of birefringent layer 16. 
At layer 16 each beam is resolved into two components, that 
is an ordinary or "0" ray 12a and an extraordinary or "e" 
ray 12b. Bearing in mind that the refractive index of 

20 isotropic layer 14 has been given as 1.50 and the refractive 
indices of birefringent layer 16 as 1.50 and 2.00 let it be 
assumed that the 1.50 refractive 'index applies to the 
components 12a which, for purposes of illustration, will be 
considered the ordinary rays vibrating substantially at 

25 right angles to the optic axis. Inasmuch as these rays have 
a refractive index which is essentially identical to that 
of layer 14, which precedes layer 16 in order of their 
travel, they are refracted by lenticules 16b so to converce 



*- P"* V- ■ J *- ^ --^ * 
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layer 14 are substantially identical. The components 12b, 



.A - * ^ 
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10 



1 5 



20 



25 



to that of the isotropic layer 18, are refracted by the 
lenticules 16a because of the dissimilarity of respective 
refractive indices. However, the diverging or negative 
lenticular surface 16a constitutes, in effect a convergingj 
lenticular surface of isotropic layer 14, the components V 
thereby being refracted convergently toward the aforesaid " 
theoretical focal plane. As described, the layer 16 is 
positively birefringent inasmuch as the refractive index 
nf v 4 C represented as greater than that of the 

0 ray, but a reverse condition is possible. The rays 12a 
and 12b, generated in birefringent layer 16 are plane 
polarized, their vibration directions being at 90° to one 
another as indicated. The rays are thence transmitted wit] 
alteration of their state of polarization with their vibr- 
ational planes normal to one another. 

Either the E or the 0 ray, or both, may be selectively 
treated, as by passing them through retardation materials 
to provide their vibrations in a single azimuth as will b« 
described below. Even without such treatment and a non- 
uniformity of vibration directions, the sheet material ofi 
Fig. 5 has certain uses such, for example, as for 
illumination purposes where it is desired to polarize thej 
light partially in a given direction, for three-dimension; 
viewing or for any function wherein transmission of a lar< 
part of the incident light is of importance but wherein 
completely uniform polarization throughout a given area il 
not essential. While the entering rays 12 are shown as 
collimated at 90° to the plane of the sheet, a slight 
dPoarture from this condition, from left-to-right in the 
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refraction of rays generally similar to that shown in 
Fig. 5, the several layers may be formed of substantially 
any materials having suitable refractive indices, trans- 
parency and physical or mechanical properties such as 
thermal stability, flexibility or adhesion. Thus, for 
example, layer 14 may be composed of any of such materials 
as tetraf luoroethylene , vinyl acetate, cellulose acetate 
butyrate, an acrylic material, glass or the like. Bire- 
fringent layer 16 can be, for example, poly [2 , 2 1 -bis ( tri- 
f luoromethy 1 ) -4,4' -biphenylene] -4 " , 4 " ■ -stilbenedicarbox- 
amide having indices of refraction 1.61 and 2.48 or a 
layer of poly ( 2 , 2 1 -dibromo-4 , 4 ' -biphenylene) -4 " , 4 " 1 - 
stilbenedicarboxamide having indices of 1.77 and 2.64. 
Layer 18 can be a polymeric material which has been render- 
ed birefringent but which has its optic axis or direction 
of molecular orientation at 90° to that of layer 16, it 

■ 

being understood that its lenticular surface would match 
with that of layer 16 at 16b. 

■ 

In an optical device of the present invention, the indices 
of refraction of the several layers can be modified or ad- 
justed in predetermined manner such that the proper 
functional relation beween the indices of refraction of the 
several layers is maintained. Thus, the indices of refract- 
ion of the several layers may be controlled in predetermined 
fashion by altering plasticizer content. For example, the 
index may be lowered by the addition of plasticizer. Where 
bonding substances or subcoats are employed in laminating 
preformed layers, a material used for such a purpose should 



.nCCwramg to another emocciment or tne urese 
there is provided a light-polarizing element comor i sine a 
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v.^ ,,m i?ed in a device such as the 
Such an element can be utilizec in 

headlamp of an automotive vehicle. 

In Fig 6 there is shown a headlamp 30 which includes a 
specularly reflecting parabolic mirror 32, a filament 34, 
a diffusely reflecting plate element 36 and a light-polar- 
izing sheet material 40. Light-polarizing element 40 in- 
cludes a prismatic layer 42 of molecularly oriented and 

. . , __ n ^ ^ *n inotropic laver 44, the 

highly birernngem- j-^x^— — - 

refractive index of the isotropic layer 44 substantxally 
etching the low index of refraction of birefringent 
lsyer 42. Thus, for example, birefringent layer 42 may have 
refractrve indices of 2 . 00 and ,.50 and layer 44 a refract- 
ive index of 1.50. An unpolarized colligated beam 12 .upon 
entering birefringent layer 42, is resolved into 0 and E 

j ok ac nreviouslv described in connect- 
components 12a and 12b, as previously 

» „ j_ r; n 5 The prism elements 
ion with the device shown m Fig. b. me P 

of birefringent layer 42 are so formed and disposed relative 
to the incident collimated beam 12 that the E ray 12b is 
reflected rearwardly to the parabolic mirror 32, is 
reflected to. diffusely reflecting element 36, whereat it 

i • reflected to mirror 32 and thence to 

is depolarized, is reiiecteu 

^4,i in ac: =. second collimatea 
light-polarizing sheet material 40 as a sec 

■ a i?d The prism elements, may for this 

nnDolarized beam lza. t"- 

unpo1 , cn-ralled hollow corner 

, nr , rJ ,ipi v be prisms or so-caneu hwxj.^ 
purpose, appropria^eiy ce y ^ n1 4 m _ 

^ .^r.rterist^c of reflecting collim- 
cubes which have the characteristic u 

ated light rays in the direction whence they came. The 

y a is transmitted without deviation straight through 
Ler - which matches its refractive index. This procedure 

infinitum, it being apparent that 
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device effective to linearly polarize a large portion of 
the light incident thereon and to transmit substantially 
all of one polarized component of light while reflecting 
substantially all of the orthogonally polarized component. 
Such a polarizer is shown in Fig. 7 as polarizer 50 having 
alternate layers 54 and 56 of molecularly-or iented , highly- 
birefringent material and of isotropic or functionally iso- 
tropic material. 



The layers 54 are each composed of a molecularly oriented 
birefringent material. For instance, the material may 
comprise poly[ 2 , 2 ' -bis (trif luoromethy 1) -4 , 4 1 -biphenylene] 2", 
2" '-dimethoxy-4" ,4" ' -bipheny ldicarboxamide . Other materials 
can also be utilized in forming the birefringent layer and 
should be selected to have as great a difference between the 
two indices of refraction as possible since the number of 
layers in the polarizer can be substantially decreased when 
using birefringent materials having a greater difference 
between their indices. of refraction. 

The isotropic layers 56 may be composed of a number of 
different materials with the requirement that its refract- 
ive index substantially match one of the refractive indices 
of the birefringent material layers on either side thereof. 
Some examples of materials which are useful for this 
purpose include polyacry lates , poly ( 2 , 2 ■ -dibromo-4 , 4 ' -bi- 
pheny lene ) 4 " , 4 " ■ -stilbenedicarboxamide , silicon oxides or 
titanium dioxides. The isotropic layers can be provided, 



layers interleaved therebetween . 
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1 use of a stretch orientation operation. Layer thickness 
can be suitably controlled by the extrusion process and 
allowances for dimensional changes expected in the layer 
thickness during the stretching step can be made. 

5 Fig. 7 schematically shows a number of light rays 62 in- 
cident on polarizer 50 and traveling in a direction per- 
pendicular to the surface thereof. As an example, the bi- 
refringent layers 54 may have a pair of refractive indices 
of n = 1.50 and n £ = 2.00 and the refractive index of each 
10 isotropic layer may be taken as n = 1.50. As each ray 62 
passes through the first birefringent layer 54, it is 
resolved thereby into two components shown as separate 
rays, namely, an extraordinary or "E" ray 62a for which the, 
birefringent layer has the higher index n £ = 2.00 and an 
15 ordinary ray or "0" ray 62b for which the birefringent layeft 
' has, for example, the lower index n Q - 1.50. the rays 

traveling in a similar direction and with their vibration 
azimuths relatively orthogonally disposed as depicted in 
the drawing. As shown in Fig. 7, a portion 62c of the "E" 
20 rays 62a is -reflected at the first interface 64 reached, it 
' being recalled that the refractive index of an isotropic 
layer was given at n - 1.50. The reflection is due to the 
refractive index discontinuity at the interface between the 
lavers 54 and 56 which exists for the »E» polarization but 
25 not the "0" polarization. For purposes of illustration the 
reflected light rays 62c are shown as being reflected at a 
slight angle while in actuality they are reflected straight| 
back in the direction of rays 62a. Thereafter each i-terfac 

6 
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that of layer r>6 ana ir, ^c, ^ J 

, -a -^^a =; 6 -^rpf ipctec and condense tr*a^ 

through all layers d4 ana Db -^eae.uu 
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In order to greatly increase the reflectivity of the 
polarizer 50 each layer 54 and 56 is made to have an 
optical thickness of one-quarter -the length of a selected 
wavelength. The optical thickness is equal to the physical 
thickness multiplied by the index of refraction of the 
layer material. The wavelength selected is preferably in 
the middle of the visible spectrum, for example, 550 nm so 
that the polarizer is effective over a substantial range of 
visible light. This arrangement utilizes optical inter- 
ference to enhance the efficiency of the polarizer. The 
following discussion relates to phase changes in a light 
wave, not to changes in the polarization azimuth of the 
light wave. In alalyzing the optical properties of the 
polarizer, it is important to remember that light suffers a 
phase change of on reflection when it goes from a medium 
of low refractive index to a medium of higher refractive 
index while it suffers no phase change on reflection when 
it goes from a medium of high refractive index to a medium 
with a lower refractive index. Thus, in Fig. 7, a light 
ray such as 62a, as it passes through the first quarter- 
wave birefringent layer 54 will suffer a phase change7I/2. 
As the light ray strikes the first interface 64 part of it 
is reflected back through the first birefringent layer 54 
again suffering a phase change ofTC/2, the total phase 
change being equal of Tl/2 + T/2 =7C . Note that the ray 62a 
suffers no phase change on reflection at interface 64 due 
to the rule as stated above. Now as the remaining portion of 
ray 62a strikes the second interface 66, it has traveled 
through two layers suffering a phase change of X/2 +%/2 



4 E/2 - It- or 3 . Thus, m accordance with this analysis, 
the ray 62a will always suffer a phase change of some 
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, nd other such similar rays will 
component 62c of ray 62a and otner 

enforce one another resulting in substantially total 
ref leotion of the one polarized component of 
light represented by ray 62a providing the number o layers 
and interfaces are sufficient. The other component 62b 
pass undisturbed through the multilayer 
long as the refractive index of the isotropic layers 56 
t ch one of the refractive indices of the birefringen 

n« nnns of the rays 62a are 
layers 54. Since suu* ^ 

transited, the entire a.ount of light output fro, 
polarizer 50 eonsists of rays 62b, all polarrzed xn one 
direction. 

In Fig 8 is shown an optical beam-splitter device of the 
/sent invention embodying a layer of --fringent po y- 
Lr. Beam splitter 70 comprises prisms 72a and 72b of iso 
tr o P ic material such as glass joined in a Nicol conf gu at 
ion with a layer 74 of molecularly oriented birefrmgent 

1 + Foments 72a and 72b can be composed 

polymer therebetween. Elements //a 

■ * v of class or other isotropic materials and 
of a variety of glass ui ^ ^an 

l5r index of refraction greater than 
will have a. perpendicular index or 

i m *r Uver 74 between such elements, tor 
that of the polymer layer /« o 

,,,, C frptched layer 74 of poly 
example, a unidirectionally stretched y , , _ diTnethoxy - 

i.v i \ 4 4 1 -biDhenylenej -2 ,2 QiraewwAj 
f? -> '-bis (trifluoromethyl)-4,4 Dipneny j 

V-b ; nyl having a perpendrouiar rnde* of refraotron of 
a out ,65 and a unrdrrectronal stretoh drre otron 
.ndioated in Fi,. B oan he utilized between is rop eg 

a 7?h of refractive index 1.8. In operas 
elements /2a and 72b or re.x „ nr *. ion 
• , r„ht 76 e-te-s element 72a and a portion 
unpolarized light 76 e..te. , t 72a and 

c ■. . at the interface of element. 



as 



from e.e-e"w 
T - u *«= t'nus solit into separate beams or 



V> ^ v - ' ^ — w j 



- 51 



0062751 



q While particular embodiments of the present invention 

utilizing polymeric birefringent layers have been described 
in connection with the devices shown in Figs. 5 to 7 , 
other devices utilizing such polymeric birefringent layers 
can also be prepared. Examples of other devices which can 
5 be adapted to inculde a polymeric and highly birefringent 
layer as described herein are described, for example, in 
U.S. Patent 3,506,333 (issued April 14, 1970 to E.H. Land); 
in U.S. Patent 3,213,753 (issued October 26, 1965 to H.G. 
Rogers); in U.S. Patent 3,610,729 (issued October 5, 1971 
10 to H.G. Rogers); in U.S. Patent 3,473,013 (issued 

October 14, 1969 to H.G. Rogers); in U.S. Patent 3,522,984 
(issued August 4, 1970 to H.G. Rogers); in U.S. Patent 
3,522,985 (issued August 4, 1970 to H.G. Rogers); in U.S. 
Patent 3,528,723 (issued September 15, 1970 to H.G. Rogers) ; 
15 and in U.S. Patent 3,582,424 (issued June 1, 1971 to K. 
Norvaisa). Still other devices that- can be prepared 
utilizing a birefringent polymer hereof include Wollaston 
prisms, Rochan prisms, Fuessner prisms, Brewster polarizers, 
non-polarizing beam splitters, compensators and the like. 



20 



25 



The following non-limiting examples are illustrative of 
the present invention. 

Example 1 

This example illustrates the preparation of poly ( 2 , 2 ' -di- 
bromo-4,4 ' -biphenylene ) -p , p ' -biphenylene dicarboxamide and 
the preparation therefrom of birefringent polymeric films. 



nonce crying tube) was heated while simultaneously 
flushing the vessel with nitrocen. Af 4 -^ 
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2 2'-dibromobenzidine were added while maintaining a 
Positive nitrogen pressure. The reaction vessel was fitted 
with a thermometer and a rubber stopple (a rubber membrane- 
like sealing lid capable of receiving a syringe and of 
sealing itself upon removal of the syringe). 10 ml or an- 
hydrous distilled N-methylpyrrolidone (NMP) and 15 ml of 
anhydrous distilled tetramethylurea (TMU) were carefully 
added with the aid of syringes. The resulting mixture was 

. a A^o n „„fn *n solids had dissolved, 
stirred ana wanueu ^ ■* ^ ^ ~ 

The solution was then cooled in a bath of ice and salt to a 
temperature of -5°C. A small amount of lithium chloride 
precipitation was observed. Recrystallized p ,p '-biphenylene 
dicarbonyl chloride (0.4689 g; 0.001679 mole) was quickly 
added by means of a funnel to the stirred 2 , 2 ' -dibromo- 
benzidine solution. An additional 5 ml of TMU were added 
through the funnel to the reaction mixture. The temperature 
of the reaction mixture did not rise above a temperature of 
7°C After stirring for 60 minutes, the reaction mixture 
began to thicken and streaming brefringence (but not stir 
opalescence) was observed- 

The ice bath was removed from the reaction vessel and the 
temperature was observed to rise to 20'C in 30 minutes at 
which point the reaction solution became milky in appear- - 
ance. The reaction vessel was placed in an oil bath (40°C) 
and the reaction mixture was warmed for 30 minutes. The 
reaction mixture became clear. The temperature of the 
reaction mixture rose during the warming to a maximum 
.emoerature of 55 °C at which temperature the reaction 
^..^^ for 1 hour. The reaction product, a 



^1 U J . . I 



or i c e - w a x: 



solid was filtered ana w 



,-ashed (in the biencer) 
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twice ca: 
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product, obtained in 95.4 % yield, was a white fibrous 
polymeric material having the following recurring 
structural units: 




The inherent viscosity of a polymer solution (0.5 g of the 
polymer of Example 1 per 100 ml of a solution of 5 g 
lithium chloride per 100 ml of dimethylacetamide) was 
3.54 dl/g at 30°C. 



Molecular structure was confirmed by infrared spectroscopy. 
Inspection of the ultraviolet/visible absorption spectrum 
for the polymer of Example 1 (in 5 % wt./vol. lithium 
chloride/dimethylacetamide) showed aX of 320 (£ = 75,000). 

Elemental analysis for C^I^ 6 Br 2 N 2 0 2 provided the following 

%C %K %3r %N 10 

Calculated : 56.97 2.92 29.16 5.11 5.84 
Found : 56 - 66 3. 25 20 . 72 5.10 6.07 by differ- 

ence) 



Polymeric films were prepared from the polymeric material of 
Example 1 by casting (onto glass plates) solutions of the 
polymeric material in a 5 % wt./vol. solution of lithium 
chloride and dimethylacetamide (5 g lithium chloride per 



solution. In each instance, the class plate carrying the 
pudcfle-cast polymer solution was immersed in water (after 
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film separated from the glass plate. The resulting film 
was soaked for several hours in water to effect extraction 
of occluded lithium chloride and solvent, soaked in acetone 
and dried in a vacuum oven at 90°C and 15 mm pressure. 
Refractive index, measured by interf erometry , was 1.93, 

Stretched polymeric films were prepared in the following 
manner. Water-swollen films (obtained by soaking the poly- 
mer films for several hours for removal of occluded lithium 
chloride and solvent as af oredescribed) were cut into 
strips. The strips were mounted between the jaws of a 
mechanical unidirectional stretcher. The strips were 
stretched (in air at 220'C) to about 50 % elongation, to 
effect film orientation. The resulting films were optically 
transparent. Birefringence, measured with the aid of a 
quartz wedge, was 0.293. 

Exa mple 2 

This example illustrates the preparation of poly ( 2 , 2 ' -di- 
nitro-4 , 4 ' -biphenylene) -o ,o ' -dinitro-p ,p 1 -biphenylene di- 
carboxamide and the preparation" therefrom of birefringent 
polymeric films. 

A 50 ml reaction vessel (a resin-making kettle equipped 
with a mechanical stirrer, nitrogen inlet tube and calcium 
chloride drying tube) was heated while simultaneously 
flushing the vessel with nitrogen. After the reaction 
vessel had cooled to room temperature, 1 . 5 g of anhydrous 
lithium chloride and 0.4799 g (0.001750 mole) of re- 



l-y „ 



scoooie and 30 ml of anhydrous distilled N-methy Ipyrrci- 
; , " ar . d 20 r.l of anhydrous distilled tetramethyl- 
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1 The resulting mixture was stirred and warmed to 40°C until 
all solids had dissolved. The solution was then cooled in a 
bath of ice and salt to a temperature of -5°C. Recrystalliz- 
ed colourless 2 , 2 ' -dinitro-4 , 4 ' -biphenyl dicarbonyl 
chloride (0.6460 g; 0.00175 mole) was quickly added by 
5 means of a funnel to the stirred 2 , 2 ' -dinitrobenzidine 

solution. An additional 3 ml of NMP were added through the 
funnel to the reacti 

— _ w . ^cmuciaLuit; ui tne 

reaction mixture did not rise above a temperature of 0°C. 
After stirring for 30 minutes, there was no noticeable 
10 change in reaction mixture viscosity. 

The ice bath was removed from the reaction vessel and the 
temperature was observed to rise to 20°C in 30 minutes at 
which point the reaction solution was heated in stages up 
15 to 90 °C over a period of 2.5 hours. 

» 

The reaction product, a 3 % wt./vol. polymer solution 

(3 g of polymer per 100 ml of reaction solvent) was cooled 

to 40°C and poured into 200 ml of ice-water in a blender. 

20 The resulting gelatinous solid was filtered and washed (in 
the blender) twice each with water, acetone and ether. The 
product was dried in a vacuum oven at 15 mm Hg pressure and 
90°C for 18 hours. The polymeric product, obtained in 88 % 
yield, was a dark-yellow powder having' the following re- 

25 curring structural units: 

0 N0 o o \-r\ 



1 ne inherent viscosity of a polymer solution (0. 



^ g of the 
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Molecular structure was confirmed by infrared spectro- 
scopy. Inspection of the ultraviolet/visible absorption 
spectrum for the polymer of Example 2 (in 5 % wt./vol. 
lithium chloride/dimethylacetamide) showed aX max of 
307 nm (£ = 38,400) and an absorption peak at 365 nm 
(£ = 3,000) . 

Elemental analysis for C^H^NgO^ provided the following: 



1C IV. 



in <o 



r , 1rnl; r-ed- 54 7 '. 2.47 14. 73 2S.06 
Ct - 1CUl — • 5J 24 2 . GO 13. 91 29 . 25 (by difference) 



i'OUllC 



Thermogravimetric analysis showed that onset of degradation 
of the polymer of Example 2 occurred at 360°C in nitrogen 
and at 300°C in air. Differential scanning calorimetry and 
thermal mechanical analysis of film samples showed a repro- 
ducible transition at about 190 C. 

Polymeric films were ' prepared from the polymeric material of 
Example 2 by casting (onto glass plates) a solution of the 
polymeric material in a 5 % wt./vol. solution of lithium 
chloride and dimethy lacetamide (5 g lithium chloride per 
100 ml of dimethylacetamide) . The concentration of polymer 
was 5 % wt./vol., i.e., 5 g polymer per 100 ml of the 
lithium chloride/dimethylacetamide solution. In each in- 
stance, the glass plate carrying the puddle-cast polymer 
solution was immersed in water (after most of the solvent 
had evaporated) . The polymer film was observed to gel and a 



hloride and solvent. 
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mer films for several hours for removal of occluded lithium 
chloride and solvent as af oredescribed) were cut into 
strips. The strips were mounted between the jaws of a 
mechanical unidirectional stretcher. The strips were 
stretched (in boiling ethylene glycol) to about 60 % 
elongation, to effect film orientation. The resulting 
polymeric strips were optically transparent. Birefringence, 

- - — ~- ~» ^uuj. wcuye ; emu. uy index 

matching, was 0.33. The calculated isotropic refractive 
index was 1.75. Wide-angle X-ray analysis of -the hire- 
fringent films showed crystallinity to be less .than 10 % 
by weight. 

Example 3 

This example illustrates the preparation of poly (2 , 2 » -di- 
bromo-4 ,4 ' -biphenylene ) -o , o 1 -dibromo-p ,p 1 -biphenylene di- 
carboxamide and the preparation therefrom of birefringent 
polymeric films. 

A 50 ml reaction vessel (a resin-making kettle equipped with 
a mechanical stirrer, nitrogen inlet tube and calcium' 
chloride drying tube) was heated while simultaneously flush- 
ing the vessel with nitrogen. After the reaction vessel 
had cooled to room temperature, 2.0 g of anhydrous lithium 
chloride and 0.7828 g (0.002289 mole) of sublimed 2,2»-di- 
oromobenzidine were added while maintaining a positive 
nitrogen pressure. The reaction vessel was fitted with a 
thermometer and a rubber stopole and 20 ml r, c anhvdro*^ 



- — ^ L syringes . -r.e resulting mixture was stirred ana 
-armed to 40°C until all solids had dissolved. The solution 
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added by means of a funnel to the stirred 2 , 2 • -dibromobenz- 
idine solution. An additional 5 ml of TMU , at a temperature 
of 25 °C, were added through the funnel to the reaction 
mixture. The temperature of the reaction mixture rose to 
15°C and then dropped to 4°C. After stirring for 15 minutes, 
the reaction mixture began to thicken and streaming bire- 
fringence (but not stir opalescence) was observed. Stirring 
was continued for an additional 30 minutes at 7»C and the 
ice bath was removed from the reaction vessel. The temper- 
ature of the reaction mixture rose to 25°C (in 90 minutes) 
and the reaction mixture was then slowly heated to 100 C 
over a two-hour period. 

The reaction product, a 4 % wt./vol. polymer solution 

v mn nl of reaction solvent) was cooled 
(4 -g of polymer per 100 mi or reduiun 

• ^ ?nn ml of ice-water in a blender, 
to 40°C and poured into 200 ml or ice 

The resulting fibrous solid was filtered and washed (in 
the blender) twice each with water, acetone and ether. The 
product was dried in a vacuum oven at 1 5 mm pressure and 
90°C for 18 hours. The product, obtained in 96.6 % yield, 
was a white. fibrous polymeric material having the following 
recurring structural units: 




. . . _ c , _^...- 0 ^ «,~lutior. (0.5 g of the 
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1 Inspection of the ultraviolet/visible absorption spectrum 

for the polymer of Example 3 (in 5 % wt./vol. lithium 

chloride/dimethylacetamide) showed a *X of 305 nm 

max 

= 31,900) and no absorption above 380 nm. 
5 Elemental analysis for c 2 6 H i 4 Br 4 N 2°2 P rovided the following: 

IC 'ul '-br XM 10 

Calculated : 44 . 23 1.99 45 . 27 3.09 4 . S2- 
Found: 44.54 2.19 45.25 3.G7 4.15 

Thermogravimetric analysis showed that onset of degradation 
of the polymer of Example 3 occurred at 530°C in nitrogen. 
Thermal mechanical analysis of film samples showed a re- 
producible transition at about 120°C. 

15 

Polymeric films were prepared from the polymeric material 
of Example 3 by casting (onto glass plates) solutions of 

■ 

the polymeric material in a 5 % wt./vol. solution of 
lithium chloride and dimethylacetamide (5 g lithium 

20 chloride per 100 ml of dimethylacetamide). The concentration 
of polymer ranged from 0.5 to 5 % wt./vol., i.e. from 0.5 g 
to 5 g polymer per 100 ml of the lithium chloride/dimethyl- 
acetamide solution. In each instance, the glass plate 
carrying the puddle-cast polymer solution was immersed in 

25 water (after most of the solvent had evaporated) . The poly- 
mer film was observed to gel and a transparent, colourless 
unoriented film separated from the glass plate. The result- 
ing film was soaked for several hours in water to effect 
extraction of occluded lithium chloride and solvent, soaked 

C v o *~ O ^ nn 1 k^QV ^ ^ £ •* 1 <rr> (~ • • o >~ O ^ d O i" <n +- V-> <C ry. T T r> ry -> t-\ 
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1 polymer films for several hours for removal of occluded 
lithium chloride and solvent as af oredescr ibed) were cut 
into strips. The strips were mounted for stretching between 
the jaws of a mechanical unidirectional stretcher. Strips 
were stretched, in some instances, in air at 220°C and, in 

5 other instances, in boiling ethylene glycol. Elongation 

ranged from 60 % to 65 %. Infrared dichroism indicated that 
the films were less than 65 % oriented. The films weie 
optically transparent. Birefringence, measured with the aid 
of a quartz wedge, was 0.390. Wide-angle X-ray analysis of 

0 the birefringent polymer films showed them to be less than 
1 0 % by weight crystalline. 

Example 4 

15 This example illustrates the preparation of poly ( 2 , 2 1 -di- 
chloro-5 , 5 ' -dime thoxy-biphenylene ) -o ,o 1 -dibromo-p , p ' -bi- 
phenylene dicarboxamide and the preparation therefrom of 
birefringent polymeric films. 

20 A 5 0-ml reaction vessel (a resin-making kettle equipped with 
a mechanical stirrer, nitrogen inlet tube and calcium 
chloride drying tube) was heated" while simultaneously 
flushing the vessel with nitrogen. After the reaction vessel 
had cooled to room temperature, 1.5 g of anhydrous lithium 

25 chloride and 0.6519 g (0.002082 mole) of sublimed 2,2'-di- 
chloro-5 , 5 ' -dimethoxybenzidine were added while maintaining 
a positive nitrogen pressure. The reaction vessel was fitted 
^ v _ ^ v - „ - ~ — j ^ , , v> u n ^ <r 4- ^ ~ r 1 1 o a - a i n ^ ] r - f a r. - 



added with the aid of syringes. The resulting rr.ixture was 
stirred and warned to 40°C until all solids had dissolved. 



itation was CDservea. r,ec;; 



i ' c *■■ ~i "I 
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1 2,2 '-dibromo-4 ,4 ' -bipheny ldicarbony 1 chloride (0.9095 g; 
0.002082 mole) was quickly added by means of a funnel to 
the stirred 2 , 2 ' -dichloro-5 , 5 1 -dime thoxybenz idine solution. 
An additional 1 0 ml of TMU (at a temperature of 25°C) were 
added through the funnel to the reaction mixture. The 
5 temperature of the reaction mixture did not rise above a 
temperature of 0°C. After stirring for 30 minutes, the 
formation of a gelatinous, light-yellow, transparent mass 
(which exhibited streaming bref ringcncc but not stir 
opalescence) was observed. Stirring was continued for an 
10 additional 10 minutes at 8°C, the stirring was stopped and 
the ice; bath was removed. The temperature of the reaction 
mass was observed to rise to 25°C in 15 minutes, and the gel 
became stiffer in consistency. Heating was immediately 
commenced and an additional 20 ml of TMU were added to 
15 facilitate dissolution of the reaction mass. Within 

6 0 minutes the temperature rose to 9 0°C and the gel 
melted to provide a homogeneous, viscous solution. Heating 
at 90 °C was continued for two hours while stirring vigor- 
ously. 

20 

The reaction product, a 2.82 % wt./vol. light-yellow poly- 
mer solution (2.82 g of polymer 'per 100 ml of reaction 
solvent) was cooled to 40°C and the resulting gelatinous, 
transparent mass was added to 200 ml of ice-water in a 
25 blender. The resulting rubbery solid was filtered and 

washed (in the blender) twice each with water, acetone and 
ether. The product was dried in a vacuum oven at 15 mm Hg 
pressure and 90°C for 18 hours. The product, obtained in 
99. -3 % yield, was a very pale-yellow fibrous Dclvr.eric 
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15 



The inherent viscosity of a polymer 



olution (0.5 g of the 



20 



25 



* r. „niP 4 oer 100 ml of a solution of o g 
polymer of Example 4 per 

u ^ „*r 100 ml of dimethylacetamide) was 
lithium chloride per iuu rax 

5.75 dl/g at 30°C 

i structure was confirmed by infrared spectroscopy. 
Molecular structure wa 6 Drovid ed the 

Elemental analysis for C 28 H 1 gB^Cl^ E 



following : 



111 tBr 



%C1 IN t0 



Calculated: 4J.66 . |.|| »•«? »1« MI 

49. 0d 2.95 . 



Found : 



• c ^re orepared from the polymeric material 

Polymeric films were prepar solut ions of the 

«f .pvanole 4 bv casting (onto glass plates) 
of Example 4 by wt./vol. solution of lithium 

polymeric material in a 5 % ww »,-, D er 

^ /t; n lithium chloride per 

chlorid e ana a— 1 -"** % 0 ant.atioa or polymer 

,oo m! o £ aimetnyiacetam a x c ^ ^ ^ 

was 2 % wt./vol., i.e., ^ 9 ° f 

instance, the glass pi evaporation 
soluti on was i^ersea n water ^ ^ ^ 

o£ solvent,. The polymer frlm was ^ 
transparent, colourless unorrentea film sep 

u . n - film was soaked for l aays ^ 
gl ass put.. 1 cc , jded lithium ch lorrae ana 

water zo ei ^ ri ed in a vacuum oven at 

i cnAked in acetone and driea in 

solvent, soaKea m <a ... nr ^ t>v 

« pp^ractive index, measurea 
90 °C and 15 nun pressure. Re.ra.rive 

inter feronetry was 1-87. 



r 1 



C — ^ >-» 2 



* ^ ~ <- -Q- several nou- s 
"'"J I ;.o iae ana ,oXv.n t as a.oreaescrroea, were cu. 
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1 mounted between the jaws of a mechanical unidirectional 
stretcher. The strips were stretched (in air at 220°C) to 
about 50 % elongation, to effect film orientation. The 
stretched films were optically transparent. Birefringence, 
measured with the aid of a quartz wedge, was 0.24. 

5 

Solutions of the polymer of Example 4 , in a concentration 
of 3 to 5 % wt./vol., in lithium chloride-containing 
solvents (e.g., dimethylacetamide containing lithium 
chloride) were found to form colourless, transparent gels 
10 which could be melted and resolidified without thermal 

degradation. When the molten solutions were poured into 
molds or cast into films, solidification was rapid and the 
solid pieces or films were readily removable. The resulting 
rubbery solids exhibited high biief ringence upon application 
15 of very slight stress. Removal of the stress was accompanied 
by instantaneous dis_appearance of the birefringent property. 

4 

Example 5 

20 This example illustrates the preparation of poly (2 , 2 ' -di- 
bromo-4 ,4 1 -biphenylene ) -octaf luoro-p ,p 1 -biphenylene di- 
carboxamide and the preparation -therefrom of birefringent 
polymeric films. 

25 A 50-ml reaction vessel (a resin-making kettle equipped 

with a mechanical stirrer, nitrogen inlet tube and calcium 
chloride drying tube) was heated while simultaneously 
flushing the vessel with nitrogen. After the reaction 
vessel had cooled to room temperature, 1.5 g of anhydrous 



with a thermometer and a rubber stooole and 10 ml of an- 
hydrous distilled N-me thylpyrrol idone (NMP) and 10 ml of 
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added with the aid of syringes. The resulting mixture was 
stirred and warmed to 40»C until all solids had dissolved. 
The solution was then cooled in a bath of ioe and salt to 
a temperature of 0°C. A small amount of lithium chloride^ 
precipitation was observed. Distilled 2 , 2 1 , 3 , 3 1 , 5 , 5 1 , 6 , 6 ' - 
octafluoro-4,4'-biphenylene dicarbonyl chloride (0.5660 g; 
0.001 338 mole) was quickly added by means of a funnel., to 
the stirred, 2 , 2 ' -dibromobenzidine solution. An additional 
10 ml of TMU (at a temperature of 25«C) were added through 
the funnel to the reaction mixture. The temperature of the 
reaction mixture did not rise above a temperature of 2°C. 
After stirring for 13 minutes, the reaction mixture began 
to thicken and streaming birefringence (but not stir 
opalescence) was observed. Stirring was continued for an 
additional 30 minutes at 4°C and the ice bath was removed. 
The temperature of the reaction mixture was observed to 
1 • rise to 25°C in 40 minutes at which point the reaction 
i solution was slightly viscous and cloudy in appearance. 

The reaction mixture was warmed gently for 90 minutes with 
stirring. The temperature of the reaction mixture rose 
during the warming to a maximum temperature of 45°C at 
which temperature the reaction solution became homogeneous. 
Stirring was continued for 18 hours at 45°C. 

The resulting reaction product, a 3 % wt./vol. polymer 
solution (3 g of polymer per 100 ml of reaction solvent) 
was cooled to 40°C and poured into 200 ml of ice-water m 
a blender. The resulting fibrous solid was filtered and 
washed (in the blender) twice each with water, acetone and 



15 



20 



25 



-v, e following recurring structural units: 



0 " F r ? O 



Br 



1 
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The inherent viscosity of a polymer solution (0.5 g of the 
polymer of Example 5 per 100 ml of a solution of 5 g 
lithium chloride per 100 ml of dimethylacetamide) was 
1 .68 dl/g at 30°C. 

Molecular structure was confirmed by infrared spectroscopy. 
Inspection of the ultraviolet/visible absorption spectrum 
for the polymer of Example 5 (in 5 % wt./vol. lithium 
chloride/dimethylacetamide) showed aA^ of 340 nm and an 

c r\ , /«- -v^^, 

~> u \j nm ^ c = J u D ) . 

Elemental analysis for C^HgB^FgN^ provided the follow- 



ing : 



iC %H 5Dr 



■N 10 



Calculated: 45.11 1.17 23. 09 21 97 4 -ns 

Found: 42.89 1 17 ?i or ™ 5 4 ' 61 
hz..cj 1.1/ 21.86 20.81 3.76 9 M 

- ._ (by diff- 

erence} 

Thermogravimetric analysis showed that onset of degradation 
of the polymer of Example 5 occurred at 325 °C in nitrogen 
and at 350°C in air. Differential scanning calorimetry 
showed a reproducible transition at about 155°c. 

* 

* 

Polymeric films were prepared from the polymeric material 
of Example 5 by casting (onto glass plates) solutions of 
the polymeric material in a 2 % wt./vol. solution of 
lithium chloride and dimethylacetamide (2 g lithium 
chloride per 100 ml of dimethylacetamide). The concentration 
of polymer ranged from 0.5 to 5 % wt./vol., i.e., from 
0.5 g to 5 g polymer per 100 ml of the lithium chloride/ 
d imet hv 1 ac e tarn: dp s-^ 1 \:t i r.~ 



-:.e polymer was coservec :o eel and a transparent and 
colourless unoriented film separated from the glass plate. 
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ffect extraction of occluded lithium chloride and solvent, 
oaked in acetone and dried in a vacuum oven at 90 °C and 
15 mm Hg pressure. Refractive index, measured by inter- 
ferometry was 1.74. 

. stretched polymeric films were prepared in the following 
' manner. Water-swollen films (obtained by soaking the poly- 
mer films for several hours for removal of occluded 
lithium chloride and solvent as af oredescribed) were cut 
into strips. The strips were mounted between the jaws of a 
. mechanical unidirectional stretcher. The strips were 

oriented by stretching (in air at 200°C) to an elongation 
in the range of 50 to 55 %. The polymeric strips were 
optically transparent. Birefringence, measured with the 
aid of a quartz wedge, was 0.35. Strips were also stretched 
in methanol at 25°C to an elongation of 55 %. Measurement 
of birefringence for such stretched films showed a bire- 
fringence of 0.44. 

Example 6 

2 This example illustrates the preparation of poly (2 , 2 3 , 3 • , 
4 / 4',6,6'-octafluoro-4,4'-biphenylene) carbohydrazide and 
the preparation therefrom of birefringent polymeric films. 

A 50-ml reaction vessel (a resin-making kettle equipped 
' with a mechanical stirrer, nitrogen inlet tube and calcium 
chloride drying tube) was heated while simultaneously 
flushing the vessel with nitrogen. After the reaction 



„<<-^n~P~ -p SS -e. The reaction vessel was 
fitted with a thermometer and a rubber stopple and 7 nu 
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10 



15 



20 



added with the aid of syringes. The resulting mixture was 
stirred until most of the lithium chloride had dissolved. 
The solution was then cooled in a bath of ice and salt to 
a temperature of 0°C. A small amount of lithium chloride 
precipitation was observed. Distilled 2 , 2 ' , 3 , 3 ' , 5 , 5 ' g g'_ 
octafluoro-4,4'-biphenylene dicarbonyl chloride (0.5100 g; 
0.001205 mole) was quickly added by means of a funnel to the 
stirred hydrazine solution. An additional 4 ml of TMU (at a 
temperature of 25°C) were added through the funnel to the 

'•"T^iLUic 01 me reaction mixture 

did not rise above a temperature of 5°C. The reaction 
mixture did not thicken and streaming birefringence was not 
observed. Lithium carbonate (0.0890 g; 0.0024 mole) was 
added to the reaction mixture, stirring was continued for 
30 'minutes at 4°C and the ice bath was removed. As the 
temperature of the reaction mixture rose to 25°C during 
the subsequent 60 minutes, the reaction solution first 
became cloudy and, then, a white precipitate formed. Over 
the next 30 minutes , the reaction mixture was warmed to 
40 °C at which time the reaction mixture became homogeneous. 
The reaction temperature was raised to 70°C and maintained 
for 1 hour. No increase in viscosity was apparent. 



25 



30 



The reaction product, a 1.99 % wt./vol. polymer solution 
(1-99 g of polymer per 100 ml of reaction solvent) was 
cooled to 40°C and poured into 200 ml of ice-water in a 
blender. The resulting powdery solid was filtered and 
washed (in the blender) twice each with water, acetone 
and ether. The product was dried in a vacuum oven at 1 5 mm 
Hg pressure and 90°C for 18 hours. The polymeric product, 
obtained in 95.4 % yield, was a white s~"!M v-* v --rr 



11 r~\ /— \ 1; I v 





The inherent viscosity of a polymer solution (0.5 g of the 
polymer of Example 6 per 100 ml of a solution of 5 g lithium 
chloride per 100 ml of dimethy lacetamide ) was 1.16 dl/g at 
30°C. The molecular structure of the polymer of Example 6 
was confirmed by infrared spectroscopy. 

Polymeric films were prepared from the polymeric material 
of Example 6 by casting (onto glass plates) solutions of 
the polymeric material in a 2 % wt./voi. solution of 
lithium chloride and dimethylacetamide (2 g lithium 
chloride per 100 ml of dimethylacetamide). The concentration 
of polymer ranged from 0.5 to 5 % wt./vol., i.e., from 
0.5 g to 5 g polymer per 100 ml of the lithium chloride/ 
dimethylacetamide solution. In each instance, the glass 
plate carrying the puddle cast polymer solution was 
immersed in water (after evaporating the solvent for 
1 hour). The polymer film was observed to gel, and a 
physically weak, cloudy and colourless film separated from 
the glass plate. The resulting film was soaked for several 
hours in water to effect extraction of occluded lithium 
chloride and solvent, soaked in acetone' and dried in a 
vacuum oven at 90°C and 1 5 mm pressure. The films were not 
of sufficient strenth to undergo stretching. Refractive 
index, measured by inter ferometry , was 1.60. 

Example 7 

This example illustrates the preparation of poly ( 2 , 2 ' -di- 

. * i i • vr-anc-*-! n'-=;tiibene dicarboxamide 

bromo-4 , 4 ' -bipnenylene ) -trans p,p "i-jkuk 

.. . c ~- •- - r >- -' - ~p " *■ do 1 v~,e r ic 



A 250-mi reaction vessel (a re sin -making xeii^e equippeu 
with a mechanical stirrer, nitrogen inlet tube and calcium 
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vessel had cooled to room temperature, 4.88 g of anhydrous 
lithium chloride and 2.1441 g (0.006269 mole) of sublimed 
2 , 2 ' -dibromobenzidine were added while maintaining a 
positive nitrogen pressure. The reaction vessel was fitted 
with a thermometer and a rubber stopple and 45 ml of an- 
hydrous distilled N-methylpyrrolidone ( NMP ) and 45 ml of 
anhydrous distilled tetramethy lurea (TMU) were carefully 
added with the aid of syringes. The resulting mixture was 
stirred and warmed to 40°C until all solids had dissolved. 
The solution was then cooled in a bath of ice and salt to 
a temperature of -5°C. A small amount of lithium chloride 
precipitation was observed. Recrystallized trans -p,p'- 
stilbene dicarbonyl chloride (1.9129 g;. 0.006269 mole) was 
quickly added by means of a funnel to the stirred 2 ^'-di- 
bromobenzidine solution. An. additional 30 ml of NMP /TMU 
mixture (1:1 by weight), at a temperature of 25°C, were 
added through the funnel to, the reaction mixture. The 
temperature of the reaction mixture did not rise above a 
temperature of 5°C and then dropped rapidly to -3°C. After 
stirring for 30 minutes, the reaction mixture began to 
thicken and .streaming birefringence (but not stir opales- 
cence) was observed. Lithium carbonate (0.926 g, 
0.01254 mole) was added and stirring was continued for an 
additional 30 minutes at 0°C. 

The ice bath was removed from the reaction vessel, and when 
the temperature reached 20°C (in 30 minutes) , the reaction 
solution had become sufficiently viscous as to begin to 
climb the shaft of the mechanical stirrer. A maximum 
reaction temperature of 55°C was reached. Stirring was 



2 % wt./vol. lithium chloride in dimethvlacetamide . The 
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and water in a blender. The resulting fibrous solid was 
filtered and washed (in the blender) twice each with water, 
acetone and ether. The product was dried in a vacuum oven 
at 15 nua Hg pressure and 90°C for 18 hours. The polymeric 
product, obtained in 100 % yield, was a very light-yellow 
fibrous solid having the following recurring structural 
units : . _ 




n 



= c 



H 




C-N 




H 



I 1 



J 



The inherent viscosity of a polymer solution (0.5 g of the 
polymer of Example 7 per 100 ml of a solution of 5 g 
lithium chloride per 100 ml of dimethylacetamide ) was 9.04 
dl/g at 30 °C. The molecular weight of the polymer, as 
determined by light scatterings, was 1.95 x 10 , and by 
gel permeation chromatography, 8.71 x 10 . 

The molecular structure of the polymer was confirmed by 
infrared spectroscopy Inspection of the ultraviolet/ 
visible spectrum of the polymer- (in 5 % wt./vol. lithium 
chloride/dimethylacetamide) showed of 352 nm 

(fi = 66,000); an absorption peak at 368 nm (fe = 52,800) 

and an extremely weak tail at 400 nm. 

i c~ n h N o nrovided the follow— 

Elemental analysis for C.,^ g B^ 2 N 2 2 P 

ing : 
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in nitrogen and at 515°C in air. Differential scanning 
calorimetry and thermal mechanical analysis of film sample 
detected a reproducible transition at about 225°C. 

Polymeric films were prepared from the polymeric material 
of Example 7 by casting (onto glass plates) solutions of 
the polymeric material in a 5 % wt./vol. solution of 
lithium chloride and dimethylacetamide (5 g lithium 

chloride per 100 ml nf Himofi,,.!^-...-.^., 

- -w.jiu^cLaaiiuei . rne concentrat- 

ion of polymer ranged from 1 to 5 % wt./vol., i.e., from 
1 g to 5 g polymer per 100 ml of the lithium chloride/ 
dimethylacetamide solution, m each instance, the glass 
Plate carrying the puddle-cast polymer solution was 
immersed in water (after minimal evaporation of solvent) . 
The polymer was observed to gel and a transparent and 
colourless unoriented film separated from the soaked glass 
plate. The resulting film was soaked for several hours 
in water to effect extraction of occluded lithium chloride 
and solvent, soaked in acetone and dried in a vacuum oven 
at 90 °C and 15 mm Hg pressure. Refractive index, measured 
by interf erometry , was 2.03. 

Stretched polymeric films were prepared in the following 
manner. Water-swollen films (obtained by soaking the poly- 
mer films for several hours for removal of occluded 
lithium chloride and solvent as aforedescribed) were cut 
into strips. The strips were mounted between the jaws of 
a mechanical unidirectional stretcher. The strips were 
stretched (in air at 220°C) to about 55 to 55 % elongation, 
to effect film orientation. The st-^-^J -,,.-,>-o 



" ■ >«^t-ar.c;e A-rav analvsis 

f the films showed crystallinity to be less than 1 0 % by 



we i a r. t . P ^' *- & r >— : - 
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25 



Solutions of the polymer of Example 7 in lithium chloride/ 
dime thy lacetamide, as af oredescr ibed , were formed into 
extruded films by the "wet-jet" method whereby the solution 
of polymer is extruded into an aqueous coagulation bath for 
gelling of the polymer material. The resulting transparent, 
colourless film strips were soaked in water and cut to 
about 25.4 to 50.8 mm for testing. The partially oriented 
stnos of film produced by the extrusion were further 
oriented by stretching in the manner described in the 
Examples hereof. Stretching was effected in air at a 
temperature of 180°C. Elongation was to the break point, 
in the range of about 40 % to 50 %. The stretched strips 
were optically transparent. Infrared dichroism indicated 
that the films were 85 % oriented. Measurement of bire- 
fringence utilizing a quartz wedge provided a birefringence 
value of 0.977. Measurement by resort to interf erometry 
provided a value of 0.865. 



Example 8 



This 'example illustrates the preparation of poly (2 , 2 ' -di- 
bromo-4 , 4 ' -biphenylene ) -trans-* -bromo-bipheny lene dicarb- 
oxamide and the preparation therefrom of birefringent 
polymeric films. 

A 50-ml reaction vessel (a resin-making kettle equipped 
with a mechanical stirrer, a pressure-equalizing dropping 
funnel, a nitrogen inlet tube and calcium chloride drying 

^ ? . ed while simultaneously flushing the vessel 



r,;:rocen pressure - 



were added while maintaining a ^b^^^ 

— ^ ^ n rhermometer and a 



- 73 - 



0062751 



methylurea (TMU) were carefully added with the aid of 
syringes. The resulting mixture was stirred and warmed to 
40°C until all solids had dissolved. The solution was then 
cooled m a bath of ice and salt to a temperature of 0°C 
A small amount of lithium chloride precipitation was ob- 
served. Recr ys tallized*-bromo-p,p--stilbene dicarbonyl 
chloride (0.5366 g ; 0.001397 mole) was quickly added by 
means of a funnel to the stirred 2 ,2 '-dibromobenzidine 
solution. An additional 1 0 ml of TMU (at a temperature of 
25 -cj were added through the funnel to the reaction mixture 
The temperature of the reaction mixture did not rise above 
a temperature. of 4*C. After stirring for 15 minutes, the 
reaction mixture began to thicken and streaming bire- 
fringence (but not stir opalescence) was observed. Stirring 
was continued for an additional 30 minutes at 4°C. 

The ice bath was removed from the reaction vessel and the 
temperature was observed to rise to 25'C in 90 minutes at 
which point the reaction mixture had become sufficiently 
viscous as to climb the shaft of the mechanical stirrer 
Over the next 90 minutes, the very pale-yellow reaction 
mass was gently warmed with intermittent stirring; the 
maximum temperature reached was '• approximately 70 °C. 

The reaction product, a 3 % wt./vol. polymer solution 
(3 g of polymer per 100 ml of reaction solvent) was cooled 
to 40°C and poured into 200 ml of ice-water in a blender. 
The resulting fibrous solid was filtered and washed (in 
the blender) twice each with water, acetone and ether. The 
product was dried in a vacuum oven at 15 mm Hg oressure and 
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The inherent viscosity of a polymer solution (0.5 g of the 
polymer of Example 8 per TOO ml of a solution of 5 g 
lithium chloride per 100 ml of dimethylacetamide) was 
7.81 dl/g at 30°C. 

Molecular structure was confirmed by infrared spectroscopy. 
Elemental analysis for C^^ ^Br provided the following 

%C %H %Br IN %0 



C alculated : 51.478 2.604 36.724 4.289 4.90 
Found : 51. 17 2. 80 34 . 82 4 .15 7.06 (by 

difference) 

Polymeric films were prepared from the polymeric material 
of Example 8 by casting (onto glass plates) solutions of 
the polymeric material in a 5 % wt./vol. solution of lithium 
chloride and dimethylacetamide (5 g lithium chloride per 
100 ml of dimethylacetamide). The concentration of polymer 
ranged from 0.5 to 5 % wt./vol., i.e., from 0.5 g .to 5 g 
polymer per 100 ml of the lithium chlor ide/dimethylacetamide 
solution. In each instance, the glass plate carrying the 
puddle-cast -polymer solution was immersed in water (after 
minimal evaporation of. solvent). The polymer was observed 
to gel and a transparent and colourless unoriented film 
separated from the soaked glass plate. The resulting film 
was soaked for several hours in water to effect extraction 
of occluded lithium chloride and solvent, soaked in acetone 
and dried in a vacuum oven at 90°C and 1 5 mm Hg pressure 
Refractive index, measured by interf erome try , was 2.07. 



l ^ * v.t. e : 1 * - ~ - I ~ - - ■- ■ ■ - - - - - 

lithium cnlorice ana su^ c<1 . ao ^.v.e^eb,. +^^^> 

-u-, <- ^ 4 ^ «- v--p r.our.ted between the jaws of a 
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' to effect film orientation. The stretched strips were 

Really transparent. Birefringence, measured with the aid 
of a quartz wedge, was 0.680. 

Solutions of the poller of Example e in 

- -ethy acetamide. as af oredescribed, were forced into 
truoeo films by the "vet-ief „„. t j 

of polymer is Itruded \„ o ^ S ° 1Uti °" 

gellina of 11 1'° "V*" 0 " ~'*»l"lon bath for 
colourless film ^ • resulting transparent, 

^luuiiess Illltl StriDS uprp c^cv^j • 

xps, were soaked m water and cut to 

strips of film produced by the pyfr„ = ^n 
oriented by stretchina i 6XtrUS1 ° n Were furthe - 

Examnl , Stretch ^9 " the manner described in the 
Examples hereof. Stretching was effected in air (at a 

temperature of 18 0'C) to the break point, in the range of 
about 40 i f a cn © n i-cinge or 

• were otoic n el0ngatlon - The Wretched film strips 

were otp.cally transparent. Measurement of birefringence 

utHizmg a quartz wedge provided a Mr.f ■ 
0 95c Mo y provided * birefringence value of 

u.y^b. Measurement by resort to + „ c 

, i resort to mterferometry provided a 

value of 0 849 ^ eQ a 



20 



Example 9 



This example illustrates the preparation of poly, 2 2 '-di- 
bromo- 4-4.-bi P he ny lene,-«,..-d i metbylmuconamide and the 
2, preparation therefrom of Mrefringent polymeric films. 

A 50-ml reaction vessel resin-making kettle equipped with 
a mechanical sti>-r^r =, 

a nitro T Pressure-equalizing dropping funnel, 
a nitrogen inlet tube and rai^ 



— e anc u.6r>19 g (0.00249 
Mie) ° f S ' jbl ^ ed 2,2'-dibro m o-benzidine were added while 
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t 

* stilled N-methyloyrrolidone (NMP) were care- 
o f anhvdrous distniec in j . j 

fully 'added with the aid e£ a syringe. The resulting 
B ixture was stirred and warmed to 40°c until all so ids 
had dissolved. The solution was then cooled in a bath of 
ice and salt to a temperature of 0°C with formation o some 
Uthium chloride precrprtare. A solution of recrystal i ed 
^•-dimethyl mucor.yl chloride (0.5157 „ 0.002491 mole, 
■ n 6 ml of anhydrous, distiiled cetrahydrof uran ,THF, was 
added to the dropping funnel through a rubber stopper with 
a syringe. The -dimethyl muconyl chloride/THF solution, 
rhe temperature of which was 25°C, was added dropwise over 

■ . ,.„ ,h. cold 2 2'-dibromobenzidine solution while 
5 minutes to the coia ^ 

stirring moderately. The addition funnel was rinsed with 
S ml of NMP which was also added dropwrse to the reac tion 
m ixture in order to prevent the temperature of the rea< : ion 

. ^ -o r aftpr starring for 1 hour, 
mixture from rising above 1 C. After St. g 

auring which time the solution turned lemon-yellow (but did 
not thicxen,, 0.354 g of solid lithium carbonate was added 
all at once to the reaction mixture. Within 10 minutes 
noticeable thickening was observed, and after an 
20 minutes,. at 20'C. the viscosity increased further. The 
ice bath was removed from the reaction vessel and the 
.e-oe-a^ure of the reaction mixture was allowed to rise to 

- e '" P „ , „„ lod d „. ing which time a thick paste 

25°C over a one-hour period c^my 

h ad formed. The temperature of the reaction mixture was 
increased to 65°C over the next 20 minutes producing a 

^ q H-red Additional heat 
fixture which could no longer be sti-red. 

, n , for 18 hours at 55°C without stirring produced a trans 
19 .,.......„ w viscous polymer solution. The reaction 
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filtered and washed (in the blender) twice each with water, 
acetone and ether. The product was dried in a vacuum oven 
at 15 mm Hg pressure and 90°C for 18 hours. The product, 
obtained in 94.7 % yield, was a white fibrous polymeric 
material having the following recurring structural units: 



o 
II 

c 



? H 3 « 
I I 

c = c 



II 
I 

c 



o 

II 

c - c 

I 

» 




The inherent viscosity of a polymer solution (0.5 g of the 
polymer of Example 9 per 100 ml of a solution of 5 g lithium 
chloride per 100 ml of dimethylacetamide) was 4.69 dl/g at 
30°C. 



Molecular structure was confirmed by infrared spectroscopy . 
Inspection of the ultraviolet/visible absorption spectrum 
for the polymer of Example 9 (in 3 % wt./vol. lithium 
chloride/dimethylacetamide showed a X of 333 nm (£ = 

^ ITlclX 

33,600) and >an extremely weak tail at 4 00 nm. 

Elemental analysis for C^H' gBr^C^ provided the following: 

IS iH %Br IN 10 



.Calculated: 50.448 3. 387 33. 562 5.883 6 7? 

S0 -°^ 3.45 34.17 5.72 G.Ev (by 

— — cliff crciice. 



Thermogravimetric analysis showed that the onset of 



t aoout :g5°C. 
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1 polymeric material in a 5 % wt./vol. solution of lithium 
chloride and dimethylacetamide (5 g lithium chloride per 
100 ml of dimethylacetamide). The concentration of polymer 
ranged from 2 to 4 % wt./vol., i.e., from 2 g to 4 g polymer 
per 100 ml of the lithium chloride/dimethylacetamide solut- 
5 ion. In each instance, the glass plate carrying the puddle- 
cast polymer solution was immersed in water (after minimal 
evaporation of solvent) . The polymer film was observed to 
gel and a transparent and colourless unoriented film 
separated from the glass plate. The resulting film was soaked 
10 for several hours in water to effect extracttion of occluded 
lithium chloride and solvent, soaked in acetone and dried in 
a vacuum oven at 90°C and 1 5 mm Hg pressure. Refractive 
index, measured by interf erometry , , was 1.91. 

* 

15 Stretched polymeric films were prepared in the following 
manner. Water-swollen films (obtained by soaking the poly- 
mer films for several hours for removal of occluded lithium 
chloride and solvent as af oredescribed) were cut into strips. 
The strips were mounted between the jaws of a mechanical 

20 stretcher and were unidirectionally stretched, successively, 
in steam, acetone and boiling ethylne glycol (all of which 
function as plasticizers ) . The strips were stretched to an 
elongation of from 35 % to 45 %. The film strips were 
further elongated (up to 60%) by stretching in air at 200°C. 

25 The stretched strips were optically transparent. Optical 

retardation was measured with a calibrated quartz wedge; film 
thickness was measured with a micrometer. Birefringence, 
measured by means of a quartz wedge, was 0.40. 



of the present invention, an unsuostitutec 
prepared and evaluated in the following manner 



^ 1 VP 



~ide was 
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A solution polymerization reaction for the production of 
poly(p-benzamide) was conducted in accordance with the 
following reaction scheme: 



0 = S = N 
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I! 
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- Cl 



LiCi 
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A 50- mi reaction vessel (a resin-making kettle equipped 
with mechanical stirrer, nitrogen inlet tube and calcium 
chloride drying tube) was heated while simultaneously 
flushing the vessel with nitrogen. After the reaction 
vessel had cooled to room temperature, 40 ml of anhydrous 
distilled tetramethyl urea (TMU) , 8.04 g (0.04 mole) of 
vacuum-distilled p-thionylaminobenz 0 yl chloride and 0 52 g 
(0-012 mole) of lithium chloride were added while maintain- 
ing a positive nitrogen pressure. The resulting reaction 
mixture was stirred for ten minutes at room temperature and 
1-68 g (0.04 mole) of lithium hydroxide monohydrate were 
added while vigorously stirring. The reaction mixture was 
then stirred for 1 hour at room temperature. After a period 
of 7 additional minutes, the reaction mixture became cloudy 
and was observed to thicken. The polymeric reaction product, 
after 20 minutes, thickened sufficiently to adhere the 
shaft of the mechanical stirrer. After one-half hours, the ' 
reaction mixture, which could not be stirred, v.*- 



• ■ — - » 



A.ter 2 hours of heating 
reaction mass increased 



+ , « 0 , . , . 
d ^_ i ju L, Diiaci 



ra »■* -* *- ^ - 



ity of polymeric 
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1 reaction vessel overnight and was washed with water, filter 
ed and washed with acetone then ether. The product, poly- 
(p-benzamide ) was dried in a vacuum oven at 80°C for 
2 hours. 

5 The inherent viscosity of a polymer solution of poly (p- 
penzamide) in sulfuric acid was 1.60 dl/g at 3Q°C. 

Polymeric films of poly (p-benzamide ) were prepared by 
casting a solution of the polymeric material in a 5 % wt./ 
10 vol. solution of lithium chloride and dimethylacetamide 

(5 g lithium chloride per 100 ml of dimethylacetamide). The 
concentration of polymer was 5 % wt./vol., i.e., 5 g poly- 
mer per 100 ml of the lithium chloride/dimethylacetamide 
solution. The cast polymer film was dried in a vacuum oven 

15 at 90 °C overnight. The polymer film was an opaque, 

white flexible film. Additional films were formed by 
puddle-casting the solution as af oredescribed ontp glass 
plates. In each instance, the glass plate carrying the 
puddle-cast polymer solution was immersed in water (after 

20 most of the> solvent had evaporated) . The polymer film 

which separated from the glass plate was a tough, trans- 
parent, flexible film. The resulting film was soaked for 
several hours in water to effect extraction of occluded 
lithium chloride and solvent. 

25 

Stretched polymeric films were prepared in the following 
manner. Water-swollen films (obtained by soaking the poly- 
mer films for several hours for removal of occluded 
lithium chloride and solvent as af oredescribed ) were cut 



were stretched to an elongation of approximately 10 %. The 
resulting streched films were clouded in appearance. 
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I wedge; film thickness was measured „ lth a 

fringence, measured by means of a onlZ " 1Cr0 " t «- Bire- 

quartz wedge, was 0.23. 

By inspection of the values of bi-e<ri„o 

oonnectron with the substituted JIT" '"""^ in 
5 ~^ «- the Samples hereof L °' ^ 

be ^fringence o TyZ Te ' ^ " * " 

comparative E *am pl e , „ , was , in ^""f" 1 "^" « 

general, decidedly lower. 



10 



Examn 1 <= 11 



1 1 



This example illustrates th* 

<trif lu orome t „ yl ,_<.«. -m^^^ ° f ' ^ * • * -M- 

"rhoxamide and the preparation thLf r ""^ '"""^ di " 
polymeric films. " the "from of birefringent 

u iux reaction vessel f 
with a mechanical stirrer """^^ ket tle equipped 

chionde dr ying tube) was ' ^^ et **• 

ing the vessel with nitrogen After It "ush- 
cooled to room temperature 1" f^*** vessel had 

chloride and 0 .5,7, g (o.OC^is l^T^ 
^2•-bis.(trifl U o r o methvl) . ben2ld m0le, ° f re -y-talli 2ed 
— in g a positive while main- 

fitted with a thermometer an dT^T^ ^ 
of anhydrous distilled tetr* ^ , stopple and 10 ml 

c a tet ^amethylurea /tmmi . 

added with the aid of syr lng e S Th carefully 

^iixnyes. Trie re^nlf in« 
"irred and warmed to 40 -c , SUltln 9 »i«ure was 

- soxution was then cooied * ^ . 
temperature of - 5 . c . A ^ ^ "It to a 

Precipitation was observed. Be crvs t.n . - 



^ v- „, 



^ t "'*-^ — .<= solution. 
0 

funnel to the reacts ...... 



or TMU, ar a 

' dt a temperature of 0 °r 



An additional 10 ml 
were added through the 
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10 



15 



20 



25 



reaction mixture did not rise above a temperature of 5°C 
and then dropped rapidly to -3°C. After stirring for 
30 minutes, the reaction mixture began to thicken and 
streaming birefringence (but not stir opalescence) was 
observed. Stirring was continued for an additional 
30 minutes at 0°C. 

The ice bath was removed from the reaction vessel, and when 
the temperature reached 20 5 C (in 30 minutes) , the reaction 
solution had become very viscous. Over the next 75 minutes, 
the completely colourless, transparent solution was warmed 
to 72°C. After, stirring at this temperature for the next 
18 hours, the mixture was cooled to 40°C. The resulting 
polymer solution was poured into 200 ml of ice and water in 
a blender. The resulting fibrous solid was filtered and 
washed (in the blender) twice each with water, acetone and 
ether. The product was dried in a vacuum oven at 1 5 mm Hg 
pressure and 90°C for 18 hours. The polymeric product, 
obtained in 99.5 % yield, was a very light-yellow fibrous 
solid having the following recurring structural units: 




The inherent viscosity of a polymer solution (0.5 g of the 
polymer of Example 11 per 100 ml of a solution of 5 g 
lithium chloride per 100 ml of dimethylacetamide) was 

. -„o- -v - __--,-...•>-,*- r *v-..-»-..>-p n c the oolymer 



Elemental analysis r cr 
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15 



20 
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, Thermogravimetric analysis showed that the onset of de- 
gradation of the polymer of Example 11 occurred at 500°C 
in nitrogen and at 410°C in air. Differential scanning 
calorimetry and thermal mechanical analysis of film samples 
detected a reproducible transition at about 185°C. 

5 

Polymeric films were prepared from the polymeric material 
of Example 11 by casting (onto glass plates) solutions of 
the polymeric material in a 5 % wt./vol. solution of 
lithium chloride and dimethylacetamide (5 g lithium chloride 
per .100 ml of dimethylacetamide) . The concentration of 
polymer ranged from 1.0 to 5 % wt./vol., i.e., from uo g 
to 5 g polymer per 100 ml of the lithium chloride/dimethyl- 
acetamide solution. In each instance, the gl ass P late 
carrying the puddle-cast polymer solution was immersed in 
water (after minimal evaporation of solvent). The oolymer 
film was observed to gel and a transparent and colourless 
unoriented film separated from the glass plate. The result- 
ing film was soaked for several hours in water to effect 
extraction of occluded lithium chloride and solvent, soaked 
in acetone and dried in a vacuum oven at 90°C and 15 mm Hg 

pressure. Refractive index, measured by inter f erometry , was 
1.997. 

Stretched polymeric films were prepared in the following 
manner. Water-swollen films (obtained by soaking the poly- 
mer films for several hours for removal of occluded 
lithium chloride and solvent as af oredescr ibed ) were cut 
into strips. The strips were mounted between the jaws of a 
mechanical unidirectional stretcher. The strips were 
stretched (in air at 220°C) to about 60 to 65 % elor.^aMr- 



Solutions of the r:l'm- ~r. - 
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10 



: a^nrpdescribed, were formed into 

dimethylacetamide, as a.oredescrxo 

extruded films by the -wet-jet-method whereby the solution 
of polymer is extruded into an aqueous coagulation bath 
for gelling of the polymer material. The resulting tans- 
parent, oolourless film strips were soaked in water and 
cut to about 25.4 to 50.8 mm for testing. The partially 
oriented strips of film produced by the extrusion were 

stretching in the manner described in 
further oriented by stretcnmy 

c c + rp^hina was effected to an elong- 
the Examples hereof. Stretching 

ation of less than zu «. xne s^e— — 

optically transparent. Infrared dichroism indicated that 
the filzis «ere 92 % oriented. Measurement of biref rzngence 
utilizing a quart, wedge provrded a birefringence value of 



0.879. 



Examole 12 



This example illustrates the preparation of poly-L.2 ,2 ' -bis- 
( trifluorometh y l)-4,4--biphenylene)-2,2--dimethox y -4,4 -bi- 

phenyl and the preparation therefrom of biref ringent poly- 
20 meric films* 

(* resin-making kettle equipped 
A 100-ml reaction vessel (a resin a 

v, cti-rer a oressure-equalizing dropping 

with a mechanical sti-rer, u 

• -i^t- t-nhP and calcium chloride drying 
funnel, a nitrogen inlet tube anc cax 

" !" , wa<5 vea-ec w-ile simultaneously flushing the vessel 
2 d ^i+w) nl pc q to room 

with nitrogen. After the reaction vessel had cooled t 

temoerature, 3.0 g of anhydrous lithium = hl °"" 
0 4 '3 2 8 g (0.001352 nole, of recrystallized 2,2-brs(trr 
fl «th y i>benzidine were added while -intaining a 

. . ... ^r. The reaction vessel was tirceu 



anavar ous cs^^e^ ^ ~ - . . 

added with the aid of syringes. The .es^t.ng 



i ^ r- ~ 1 T»p 
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The solution was then cooled in a bath of ice and salt to a 
temperature of -5°C. A small amount of lithium chloride 
precipitation was observed. Recrys tallized 2 , 2 ' -dimethoxy- 
4 ,4 '-biphenyldicarbonyl chloride (0.4586 g; 0.001352 mole) 
was quickly added by means of a funnel to the stirred 
2 , 2 1 -bis (trif luoromethyl) -benzidine solution. An additional 
20 ml of TMU (at a temperature of 0°C) were added through 
the funnel to the reaction mixture. The temperature of the 
reaction mixture did not rise above a temperature of 5°C. 
After stirring for 30 minutes, the reaction mixture began 
to thicken and turned milk-like in appearance. Stirring was 
continued for an additional 30 minutes at 0°C. 



15 



20 



25 



The ice bath was removed from the reaction vessel and the 
temperature was observed to rise to 20 °C in 30 minutes at 
which point the reaction mixture was viscous and opaque. 
Over the next 75 minutes, the opaque reaction mass was 
gently warmed to 40 °C at which point it became transparent. 
After stirring at this temperature for the next 18 hours, 
the reaction mixture was cooled to 30 °C and poured into 
400 ml of ice-water in a blender. The resulting fibrous 
solid was filtered and washed (in the blender) twice each 
with water and ether. The product was dried in a vacuum oven 
at 15 mm Hg pressure and 90°C for 18 hours. The product, 
obtained in 99.3 % yield, was an off-white fibrous polymeric 
material exhibiting solubility in acetone or tetrahydro- 
furan and having the following recurring structural units: 
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, Molecular structure was confirmed by infrared spectroscopy, 
inspection of the ultraviolet visible spectrum of the poly- 
mer (in 5 % wt./vol. lithium chloride/dimethylf ormamide ) 
showed aX max of 316 nm (S = 2.59 x 10 ). 

r H F N O, provided the following 
= Elemental analysis for C 30 H 2Q t e " 2 u 4 



a 



c 



%H %F %N _%0 



Calculated: 61.34 3.43 19.41 4.77 10 89 

59.82 3.51 18.70 4.62 13.35 (oy 



Found : 



Hi f f /a re>r\ce>.) 



Thermogravimetric analysis showed that the onset of de- 
gradation of the polymer of Example 12 occurred at 470 . 
in nitrogen and at 440°C in air. Differential scanning 
colorimetry detected a reproducible transition at about 
15 180°C. 

* 

„,„ d j from the polymeric material of 
Polymeric films were prepared from tne po y . 

/ ^i=.cc: niates) solutions of the 

Example 12 by casting, (onto glass plates, 

*. =i in a 5 % wt./vol. solution of lithium 
polymeric material in a b * wt./v 

,„ chloride and. dimethylacetamide <5g lithium chloride per 

100 ml of dimethylacetamide). The concentration of polymer 

ranged from 1 % to 5 % wt./vol. /• 1... . *»» 1 '° 9 " 5 9 

oolymer per 100 ml of the lithrum chloride/dimethylacetamrde 

i ,„ qt?nce the glass plate carrying the 
solution. In each instance, tne y 

o i. ■ ^ wad innie^sed in water (alter 
,= puddle-cast polymer solution was imme.sea 

c c „i wn tl The polvmer was observed 
minimal evaporation of solver..)- P . 

^h r-nlnurless unoriented film 
to gel and a transparent and colourless u 

separated from the soaked, glass plate. The resulting film 
was soaked for several hours in water to effect extraction 
o< occluded lithium chloride and solvent, soaked in acetone 



Solutions o 



"I O 



f the polymer of Example 12 in — — c.^u 

aforedescribed , were formed into 
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extruded films by the "wet-jet" method whereby the solution 
of polymer is extruded into an aqueous coagulation bath for 
gelling of the polymer material. The resulting transparent, 
colourless film strips were soaked in water and cut to 
about 25.4 to 50.8 mm for testing. The partially oriented 
strips of film produced by the extrusion were further 

oriented by stretching in the manner described in the 

(■ 

Examples hereof. Stretching was effected in air (at a 
temperature of 180°C) to an elongation of less than 20 %. 

The strptrhpH film ri nc wo m of n-; o-. n t» ^ ^_ ^ . 



T _ JZ 

xii J_ J. d 



10 red dichroism indicated that the films were 92 % oriented. 
Measurement of birefringence utilizing a quartz wedge pro- 
vided a birefringence value of 0.586. 



15 



20 



25 



"5 ^ 



Example 13 
— 

This example illustrates the preparation of poly[ 2 , 2 ' , 3 " , 1 ~ - 
2" ' - tetrakis ( trif luoromethyl ) -1 , 1 1 : 4 1 , 1 " : 4 " , 1 " ■ : 4 ' 

■ 

quaterphenylenej-trans-pjp'-stilbenedicarboxamide and the 
preparation therefrom of birefringent polymeric films. 

* 

AlOO-ml reaction vessel (a resin-making kettle equipped 
with a mechanical stirrer, nitrogen inlet tube and calcium 
chloride drying rube) was heated while simultaneously 
flushing the vessel with nitrogen. After the reaction vessel 
had cooled to room temperature, 1.5 g of anhydrous lithium 
chloride and 0.5806 g (0.0009543 mole) of recry stallized 
4,4" '-diamino-2 ,2 1 ,3" ,2" '-tetrakis (trif luoromethyl) 1,1 ' :4 
1 " : 4 " , 1 " 1 -quaterphenyl were added while maintaining a 
positive nitrogen pressure. The reaction vessel was fitted 
with a thermometer and a rubber sto^nle and 10 ml of an- 



stirred and warmed to 40°C until all solids had dissolved 
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1 



10 



1 5 



20 



temperature of -5°c. A small amount of lithium chloride 
precipitation va 5 observed. Recrystallized trans-p.P - 

-a* in ?909 a- 0.0009543 mole) was 
stilbene dicarbonyl chloride (0.2909 g, ^. aminQ _ 
carefully added by means of a funnel to the stirred dxam.no 
quaterphenyl solution. An addxtxonal 10 ml of TMU. at a 
temperature of OX were added through the funnel to the 
reaction mixture. The temperature of the reaction mixture 
did not rise above a temperature of 7*C and then dropped 
rapidly to 0«C. After stirrxng for 30 minutes, the reaction 

... ..^o^m-inn hirefrinqence (but 

mixture began to tnicneii . 

not stir opalescence) was observed. Stirring was contxnued 

for an additonal 30 minutes 0°C. 

A *-he reaction vessel, and when 

The ice bath was removed from the reactiu 

^v,o^ ?n°c (in 30 minutes), the reactxon 
the temperature reached 20 C ixn ju 

rw^r- T hp next 75 minutes , 
solution had become very vxscous. Over the nex 

the light yellow, opaque solution was warmed to 45 C After 
stirring at this temperature for the next 18 hours, the 
transparent polymer solution was poured into 200 m of ,ce 
and water xn a blender. The resulting fibrous soli « 
filtered and washed (in the blender) twice each wxth water 
and ether. The product was drxed in a vacuum oven at 1 5 mm 
H g pressure and 90°C for 18 hour,. The polymeric product, 

■ ,a ' ua «s a verv liqht-yellow fxbrous 
obtained in 92.2 % yxeld, was a very ixg y 

solid having the followxng recurrxng structural unx.s: 



I 





The inherent viscosity of a polymer solution (0.5 g of the 
polymer of Example 13 per 100 ml of a solution of 5 g 
lithium chloride per 100 ml of dimethylacet.amide ) was 
1-31 dl/g at 30°C. The molecular structure of the polymer 
was confirmed by infrared spectroscopy. The polymer was 



tal analysis for C^H^F, N ? 0., provided the following 
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10 



15 



20 



v 



25 



1C 



%H 



IT 



%N 



%0 



Calculated : 
Found : 



62.86 2.83 
62.07 3.29 



27.12 
24 .13 



3. 33 
3.16 



3.81 
7.3 ■ 



(by 

difference) 



■5 n 



Thermogravimetric analysis showed that the onset of de- 
gradation of the polymer of Example 13 occurred at 510°C in 
nitrogen and at 440°C in air. Differential scanning calori- 
metry and thermal mechanical analysis of film samples 
detected a reproducible transition at about 187°C. 

Polymeric films were prepared from the polymeric material 
of Example 13 by casting (onto glass plates) solutions of 
the polymeric material in a 5 % wt./vol. solution of lithium 
chloride and dimethy lacetamide (5 g lithium chloride per 
100' ml of dimethy lacetamide) . The concentration of polymer 
ranged from 0 . 5 to 5 % wt./vol., i.e., from 0 . 5 g to 5 g 
polymer per 100 ml of the lithium chloride/dimethylacetamide 
solution. In each instance, the glass plate carrying the 
puddle-cast polymer solution was immersed in water (after 
minimal evaporation of solvent). The polymer film was ob- 
served to gel and a transparent and colourless unoriented 
film separated from the glass plate. The resulting film was 
soaked for several hours in water to effect extraction of 
occluded withium chloride and solvent, soaked in acetone and 
dried in a vacuum oven at 90°C and 1 5 mm Hg pressure. 
Refractive index, measured by inter ferometry , was 1.810. 

Stretched polymeric films were prepared in the following 
manner. Water-swollen films (obtained by soaking the polymer 
films for several hours for removal of occluded lithium 
chloride and solvent as af oredescr ibed ) were cut into strips 



»— o *■ ^ T »"> : J3 {"* *- r-. ' »-i • >• p. 



*_ <c vj 



The stretched films were optically transparent. Hire- 
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fringence, measured with the aid of a quartz wedge, was 
0.87. 



Example 14 

This example illustrates the preparation of poly-[ 2 , 2 1 , 3 " , 
2" ' -tetrakis (trif luoromethyl) -1 , 1 1 : 4 ' , 1":4", i' ,, -4"'- 
quaterphenylenej terephthalamide and the preparation there- 
from of birefringent polymeric films. 

A i 0 0 mi reaction vessel (a resin-making kettle equipped 
with a mechanical stirrer nitrogen inlet tube and calcium 
chloride drying tube) was heated while simultaneously 
flushing the vessel with nitrogen. After the reaction 
vessel had cooled to room temperature, 1.5 g of anhydrous 
lithium chloride and 0.6301 g (0.001036 mole) of recrystall- 
ized 4,4'" -diamino-2 , 2 ' , 3 - , 2 " ' -tetrakis (trif luoromethyl) - 
1 ,1 ' :4 ' ,1 " ;4" ,1 » '-quaterphenyl were added while maintaining 
a positive nitrogen pressure. The reaction vessel was fitted 
with a thermometer and a rubber stopple and 10 ml of an- 
hydrous distilled N-methy lpyrrolidone (NMP) and 1 0 ml of 
anhydrous distilled tetramethy lurea (TMU) were carefully 
added with the aid of syringes. The resulting mixture was 
stirred and warmed to 40°C until all solids had dissolved. 
The solution was then cooled in a bath of ice and salt to a 
temperature of +5°C. A small amount of lithium chloride 
precipitation was observed. Recry stallized terephthaloyl- 
chloride (0.2103 g; 0.001036 mole) was carefully added by 
means of a funnel to the stirred 2 , 2 1 -diaminoquaterphenyl 
solution. An additional 10 ml of TMU , at a temperature of 
10°C, were added through the funnel to the reaction mixture. 



tnicken and streaming birefringence (but not stir 
opalescence) was observed. Stirring was continued for an 



frnm the reaction vessel, and when 
The ice bath was removed from tne 

***** ?7°c (in 30 minutes) , the reaction 
the temperature reached 27 C (in 

solution had become. v ery viscous. Over the next » 
the light yellow, transparent solution -as warded « . 40 C. 
After stirring at this temperature for the next U hours, 
the polymer solution was poured into 200 ml of ioe and 
„ater in a blender. The resulting fibrous solid was rltered 
and washed (in the blender) twioe each with water and ether. 
The product wa» dried in a vacuum oven at 1 5 mm Hg pressure 
and 90°C for 16 hours. The polymeric product, obtained rn 

fiKrnn , solid having the following 
93.5 % yield, was a white fibrous so lie na y 

recurring structural units: 



O O , CF 3 



ii 



CF 3 




_ f - nolvmer solution (0.5 g of the 
The inherent viscosity of a poiymex 

polymer of Example 14 per 100 ml of a solution^ 5 g 
lithium chloride per 100 ml of dimethylacetamide) was 6.55 
dl/g at 30»C. The molecular structure of the polymer was 

-tmcrnnv The polymer was very 
confirmed by infrared spectroscopy, me p y 

slightly soluble in acetone, in tetrahydrof uran and in 
ethyl acetate and was soluble in amide-type solvents v.th 
or without added lithium chloride, 

r H F N„0, provided the following 
Elemental analysis for C^*^ Q i 1 * 

1C 2>H &N 30 



Thermogravimetric analysis 



showed that the onse: 



of de 



, rv ,„ le 14 occurred at 440°C in 
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1 thermal mechanical analysis of film samples detected a 
reproducible transition at about 160°C. 



10 



i 



Polymeric films were prepared from the polymeric material 
of Example 13 by casting (onto glass plates) solutions of 
the polymeric material in a 5 % wt./vol. solution of 
lithium chloride and dimethylacetamide (5 g lithium 
chloride per 100 ml of dimethylacetamide). The concentrat- 
ion of polymer ranged from 0.5 to 5 % wt./vol., i.e. from 
0.5 g to 5 g polymer per TOO ml of the lithium chloride/di- 
me thyiaceramide solution. In each instance, the glass plate 
carrying the puddle-cast polymer solution was immersed in 
water (after minimal evaporation of solvent) . The polymer 
film was observed to gel and a transparent and colourless 
unoriented film separated from the glass plate. The result- 
15 in< ? film was soaked for several hours in water to effect 

extraction of occluded lithium chloride and solvent, soaked 
in acetone and dried in a vacuum oven at 90°C and 15 mm Hg 
pressure. Refractive index, measured by interf erometry , 
was 1.79. 

20 , ' 

Stretched polymeric films were prepared in the following 
manner. Water-swollen films (obtained by soaking the poly- 
mer films for several hours for removal of occluded lithium 
chloride and solvent as af oredescr ibed ) were cut into 

25 strips. The strips were mounted between the jaws of a 
mechanical unidirectional stretcher. The strips were 
stretched (in air at 220°C) to effect film orientation. The 
stretched films were optically transparent. Birefringence, 
measured with the aid of a quartz wedge, was 0.293. 



30 



Solutions of t h p r ~ v ~ p *■ ~ c ^ ■. ~ — - 



35 



c: pc^ymer is extruded i; 
gelling of the polymer material. 



aqueous coagulation bath for 



Tne resulting t ran sparer. 
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colourless film strips were soaked in water and cut to 
about 25.4 to 50.8 mm for testing. The partially oriented 
strips of film produced by the extrusion were further 
oriented by stretching in the manner described in the 
Examples hereof. Measurement of biref ringenoe itilizxng a 
quartz wedge provided a birefringence value of 0.44. 

Example 15 



1 5 



20 



25 



Geometric indices were determined for the repeat u„ 

materials having the following structure 



10 polymeric 



O 
II 



V 




wherein each X is hydrogen or a substituent as set forth m 
the following Table I. In the case of each recurring unit, 

f HHtv fac tor 1 + >e L was calculated and is report- 
the eccentricity racror a 

ed in Table*!. Bond and groun T polar izability tensors were 
utilized to calculate a polar izability matrix for each 
repeat unit, the diagonalized form of the matrix providing 
the X, Y and Z contributions to the unit polarizability 
elliosoid. Axial polarizablilities , i.e., X, Y and Z, were 
utilized to calculate longitudinal and transverse 
eccentricities of each repeat unit, thus, reflecting its 

symmetry - 



~ „ ^ »_ ^ v values 



were calculated utilizing the following 



~er reoeat um . 



i ties 



are utili^ fro^i tne literate, v*u_i 



«ni a rizabilities. Available 



Bond polarizabilities are utilized to connect segments 
where necessary. To determine the overall polar izability 
of the repeat unit, the coordinate system of the segment at 
one end of the repeat unit os made coincident with that of 
the adjacent segment by means of the appropriate rotat- 
ion (s). This procedure is repeated on each successive 
segment until the last segment is reached. Mathematically, 
this means that the matrix of one segment must be pre- and 
post-multiplied by a transformation matrix: 

a i = T a x T ~ l 

where 1 is the polarizability of segment 1; T is the 

transformation matrix; T~ 1 is the inverse of T; andoi^ is 

the polarizability of segment 1 in the coordinate system of 

segment 2. The value of ' is then added too^ and the 

transformation repeated. The repeat unit polarizability 

matrix is diagonalized , thus, providing a repeat unit 

polarizability ellipsoid with three semi-axes, i.e., cc 

' xx 
yy' anda> zz' where °° xx is the m *jor polarizability and 
is coincident with the polymer backbone'. 

Literature-reported values of 25° and 31°, respectively, 
were utilized in all calculations as representing the di- 
hedral angle betweeen the phenyl and carbonyl moieties and 
the dihedral angle . be tween the phenyl and amino moieties, 
respectively, Experimentally determined values for the di- 
hedral angle between each X-substituted phenyl moiety were 
utilized in all calculations and are reported in Table I. 
Mean diameter values, D, and length, L, were obtained from 
soacef i. 1 1 ina molecular mod p Is. 
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TABLE I 

} Mean /]_ + e 

Substituent X Diameter Length 



{ Dihedral Anqlc) (D) JU \ 1 " e 




10 



20 



ZD 



( 20o } 4.49 21.35 1.061 0.939 



(60°) 



4.61 21.35 1.206 1.21 



CI 

(72°) 4.78 21.35 1.348 1.23 



n> i. 



(75») 4.83 21.35 1.388 1.24 
I 

( C 5°) 4.91 21.35 1.428 1.26 

* 

CF 

(80°) 4.90 21.35 1.496 1.33 

15 CH 3 

(71°) 4.76 21.35 1. 330 1.25 



From the data presented in Table I will be observed the 
influence of. the nature of the X substituent relative to a 
hydrogen atom as regards the reported dihedral angle and 
resulting substantial noncoplanarity between interbonded 
phenyl rings. Differences in mean diameter and influence of 
the nature of X substituents on mean diameter and 
eccentricity factor, and correspondingly, geometric index G 
will also be observed. Thus, it will be noted that the 
largest substituents, i.e., -CF 3 and -I substituents, 
corresponded with the largest dihedral angles between 
interbonded phenyl groups or the hightest non-coplanarity 
and. accordinclv, recurring units having such substituents 



-urpeses or comparison, ge^me — -~ 



for the repeat unit of poly (p-pheny lene ) terephthalamide 
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reported in Table II. Dihedral ange values of 25° and 31° 
were utilized for purposes of calculation as in the case of 
the repeat units of Example 15. 



0 
II 




0 

II 
c 



N 
I 

H 




31' 



10 



15 



20 



25 



Mean 

Diameter 
( D) 

4.43 



TABLE II 



Length 
(L) 

12.45 



1 + e 



1 1 e T 
0 .978 



0.621 



As can be observed from inspection of the data reported in 

Tables I and II, the geometric indices for the repeat units 

1 

og zhr materials set forth in Table I are considerably 
higher than the geometric index calculated for poly (p- 
phenylene) therephthalamide of Table II. 

» 

Example 16 

Geometric indices for the recurring units of polyamides 
having the following structure were calculated. Each X sub- 
stituent was as indicated in Tabele III. Dihedral angles 
from the literature were utilized in such calculations. 
Calculated geometric indices were compared with values of 
theoretical maximum birefringence for the polymeric 
materials, reported in Table III. Theoretical maximum bi- 
refringence values (An ) were obtained bv plotting the 
^ max •* ■ * * 



i 
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TABLE III 

Substitucnt X 

(Dihedral Anqle) G An 



1 1 1 t-i -A. 



-Br 

(75°) 1.21 1-20 



-CF 

(80°) 1.18 0.98 



From the data presented in Table III, it will be seen that 

high values of geometric index G corresponded with high 

values of An . For purposes of comparison, the theoretical 

max 

maximum birefringence value (^ max ) for the recurring unit 

of poly (p-phenylene ) terephthalamide (having a G value of 

0.621 as shown in Table II) was also determined. The result- 

ino /in value of 0.83 for poly (p-phenylene ) terephthalamide 
^ max 

was higher than would be predicted from the geometric index 
value, G, of 0.621. This is believed to be the result of the 
highly crystalline nature of the poly (p-phenylene ) tereph- 
thalamide material, whereas the geometric index G reflects 
the inherent anisotropy of an isolated chain independent of 
such macroscopic properties as morphology, density, colour 
or the like. 



V- V — ■ » - v- ~ *- « v- -v- — ^ 



rigid, rod-like uniaxial molecular structure of such 
materials and the amorphous/crystalline ratio thereof. 
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In the case of highly unidirec tionally oriented phenyl-type 
polyamides this ratio generally will be in the range of 
about 0.3:1. The presence of crystallites is generally 
detrimental in polymeric materials adapted to utilization 
in optical devices owing to light scattering and diminished 
transparency. The non-coplanarity between substituted bi- 
phenyl rings, resulting from sterically bulky groups on 
the ortho positions of interbonded phenyl rings, raises the 
amorphous/crystalline ratio to a range of about 10:1 to 
about 20:1. This permits the fabrication of highly oriented 
films and fibres exhibiting high transparency in addition 
to high birefringence. The ring-substituted biphenyl poly- 
amides additionally exhibit enhanced solubility and can be 
fabricated into colourless films or fibres where desired. 

Example 17 

Geometric indices were determined for the repeating units 
of polymeric materials having the following structure 




wherein each X is hydrogen or a substituent as set forth in 
the following Table IV. In the case of each recurring unit, 

1 + e 

the eccentricity factor L was calculated and is 

1 + e T 

polar izability ellipsoid. Axial poianzabilities , i.e., X, 
Y and Z, were utilized to calculate longitudinal and trans- 
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Eccentricity values were calculated utilizing the procedure 
set forth in Example 15. 

Literature-reported values of 25° and 31°, respectively, 
were utilized in all calculations as representing the di- 
hedral angle between the phenyl and carbonyl moieties and 
the dihedral angle between the phenyl and amino moieties, 
respectively. Experimentally determined values for the di- 
hedral angle between each X-substituted phenyl moiety were 
utilized in all calculations and are reported in Table IV. 
Mean diameter values, D, and length, L , were obtained from 
space-filling molecular models. 

Table IV 

Kean /l + e T 

Substituent X Diameter Length 



(Dihedral Angle) 



< D ) (L) V 1 + o 



(2 V) * 4.52 29.80 0.938 . 1-373 

F ,r cn 1 155 1.640 

(60°) 4 - 66 29.80 

(v") 4.84 29. 80 1-166 1-594 



(7 50) 4.90 29.30 1-145 1-546 

( C5.) 4.99 29.00 1-271 1-685 

(8 n 4.98 " 29 .80 1.286 1-708 



CH 3 
(71°) 



4. 82 



29.80' 1.181 1.621 



. c. 3, n c 



hydroaen atom as regards the reported dihedra. ar.g 

ulting substantial noncoplanar ity between interbonded 



res 
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phenyl rings. Differences in mean diameter and influence of 
the nature of X substituents on mean diameter and 
eccentricity factor, and correspondingly, geometric index G 
will also be observed. Thus, it will be noted that the 
largest substituents, i.e., -CF 3 and -1 substituents, 
corresponded with the largest dihedral angles between 
interbonded phenyl groups or the highest non-coplanarity 
and, accordingly, recurring units having such substituents 
show high geometric index values. 

Example 16 

A light-polarizing device utilizing a highly birefringent 
polyamide material was constructed in the following manner. 

A sheet of birefringent material was prepared from the 
polyamide of Example 11, i.e., poly[ 2 , 2 ' -bis ( trif luoro- 
methyl) -4 ,4 ' -bipheny lene] -trans-p ,p ' -s tilbene dicarboxamide . 
The sheet was prepared by the "wet-jet" extrusion method 
described in Example 11. The resulting extruded polymer, in 
the form of a partially oriented transparent colourless 
film, was soaked in water and cut into strips. The strips 
were then further oriented by stretching in air in the manner 
also described in Example 11. A strip of the birefringent 
polymer (having perpendicular and parallel indices of 
refraction, respectively, of approcimately 1.72 and 2.34 
and an approximate thickness of 25^im)was embossed by con- 
tacting one surface of the strip with a brass prismatic 
plate heated to a temperature of 180°C and pressing the 
heated plate onto the surface of the film so as to provide 
a prismatic layer of birefringent material generally shown 
in Fic . 6 as laver 42. 



4 ft ft 



s 



.—J k * 



chlorinated biphenyl, an isotropic material having an index 
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10 



of refraction of 1 .654 , available as Aroclor 1 260^from 
Monsanto Company, St. Louis, Missouri. The prismatic layer 
of birefringent material, prepared as aforesaid, was 
placed onto the layer of Aroclor. The prismatic layer was 
covered with a second layer of Aroclor so as to embed the 
prismatic layer in Aroclor material. A second sheet of 
glass was placed onto the Aroclor so as to sandwich the 
birefringent and Aroclor materials between the two pieces 

^. ■ t *r^r- H^virp was tested for 

of glass. The resuitmy 

its light polarizing properties by placing the test device 
and a second polarizer into the path of a light beam and by 
observing the . attenuation of light resulting from rotation 
of the respective polarizers. 
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Claims 



1 . An optical device including a transparent molecularly 
oriented highly birefringent polymer, said highly bire- 
fringent polymer comprising repeating molecular units ex- 
hibiting high electron density substantially cylindrically 
distributed about the long axes of the polymer and the 
repeating units thereof, said highly birefringent polymer 
being substantially optically uniaxial exhibiting only two 
indices of refraction. 

2. A device according to claim 1 wherein the birefringence 
of said polymer is in relation to the molecular configur- 
ation of said repeating molecular units and the cylindrical 
or -ellipsoidal electron density distribution about said 
exes according to a dimensionless geometric index G re- 
presented by the relationship 

t 

G = 0.222 x E x £ 

wherein E is a dimensionless eccentricity factor defined by 
the relationship 

« 1 + e 
E = L 

1 + e m 
T 

where e L is the longitudinal eccentricity of the electron 
polarizability of the repeating molecular unit and e is 
the transverse eccentricity of the polarizability o/the 
repeating molecular unit, L is the length of the repeating 
molecular unit along the main axis thereof and D is the 
mean diameter of the repeating -c]p- ; ',- ..-<«. - 



J „ , U r~, >- - 



index G has a 



value of at 'least one, preferably at 
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4 A device according to any preceding =1.1- "herein said 
lolecularly oriented highly hirefringent poller as a hi- 

e »+■ i^ast 0 2, preferably at least 0.4. 
refringence of at least u . * , f 

ft 

S . A device according to any preceding claim whereir . said 
Secularly oriented highly birefringent polymer s 
fern, o£ a unidirectionally stretched polymer layer. 



10 



1 wherein said molecular ly 
6 A device according w yx-*«. ■ 
Rented highly hirerringent polymer comprises recurring 

units of the formula 



T5 



20 



25 



0 ,° R 

II / H f 

c - a4-c - n - b 




herein each of A and B.is a divalent radical excep that 
can additionally represent a single bond; R and ^ are 
each hydrogen, alKyl, «yl. al.aryl or ara ^ r U - J 
ze ro or one; and wherein, when c is one, at least o 
zero or opiected from the group con- 

A and B is a divalent radical selectee 

sisting of: -• 



(1) a radical 




where U is a s 



— £-i -»~ O 



ubstituent other than hydrogen, each W is 

nti other than hydrogen, p is an 



?. substitue 



and X- substitution '- 

««-i a na^- -olecular configurator., 
radical with a non-copiana. ...^ e — 
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(2) a radical 




I I 

c = c 




5 where each of Y and Z is hydrogen or a substituent other 
than hydrogen and each t is an integer from 1 to 4 , with 
the proviso that when each said Z is hydrogen, at least 
one said Y substituent is a substituent other than hydrogen 
positioned on the corresnnndina nucleus ortho with respect 

10 z 

to the -C= moiety of said radical, said Z and Yt substit- 
ution being sufficient to provide said radical with a non- 
coplanar molecular configuration; 

and wherein, when c is zero, A is a divalent radical select- 
15 ed fronthe group consisting of radicals (1) and (2) as 
hereinbefore defined. 



20 



7. A device according to claim 6 wherein c of said re- 
curring units is the integer one. 

8. A device according to claims '6 or 7 wherein each said 

■ 

radical (1) is a divalent radical having the formula 



25 




0 



wherein each of U and X is a substituent other than 
hydrogen . 



i - 



halogen, nitre, aikoxy and subst 



wLi^CL. a 1 ,\ V A 



L 
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1 10. A device according to claims 6 to 9 wherein each of 
said A and B radicals of said recurring units is said di- 
valent radical (1). 

11. A device according to claim 10 wherein said divalent 
5 radical A is a radical having the formula (1) 



10 



15 




wherein p is the integer 3 , r is the integer 4 and each of U, 
W and X is a substituent other than hydrogen, preferably a 
halogen such as fluoro. 

12. A device according to claim 10 wherein said divalent 
radical A is a radical having the formula 



20 



25 




wherein p is the integer 3, r is the integer 4 and each of 
U, W and X is a substituent other than hydrogen; and said 
divalent radical B is a radical having the formula 




wherein each of U and X is a substituent otr.ei 
hydrogen . 
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13. A device according to claims 6 or 7 wherein said di- 
valent radical A is the radical having the formula 



14. A device according to claim 7 wherein said B repre- 
sents a single bond. 

15. A device according to claim 7 wherein said divalent 
radical A is the radical having the formula 

CH 

j J 

— C = Cli - CH = C - 

I 

CH 3 

16. The device of claim 7 wherein said divalent radical A 
is the radical having the formula 




H 
I 

c = c 

I 

H 



17. A device according to .claim 7 wherein at 

least one of said A and B radicals is said divalent radical 

having the formula 

Yt y 
I Z Z 



18. A device according to claim 17 wherein ,Z is hydrogen, 
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1 19. A device according to claim 18 wherein said Y sub- 
stituent is selected from the group consisting of halogen, 
nitro and alkoxy. 

20. A device according to claim 17 wherein each Y is 
5 hydrogen, each t is the integer four, one sxad Z is 

hydrogen and the remaining said Z substituent is halogen. 

21. A device according to claim 6 wherein c is zero. 

10 22. A device according to claim 7 wherein said divalent 
radical A is the radical having the formula 



15 




O 



and 



said divalent radical B is a substituted-tjuaterphenylene 
radical having the formula 



20 



25 




wherein each U is a substituent other than hydrogen each 
W is hydrogen or a substituent other than hydrogen, each p 
is an integer from 1 to 3 , each X is hydrogen or a sub- 
stituent other than hydrogen and each r is an integer from 
1 to 4, said U, W and X r substitution being sufficient to 
provide said radical with a non-coplanar molecular con- 



racicai a 



is 



t the radical having the formula 
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1 ation of bond and group polar izabilities of a repeating unit 
of a polymer. It will be appreciated that electron density 
distribution about axis X will be variously treated as a 
cylindrical or ellipsoidal distribution depending upon the 
relative magnitudes of the Y and Z vectors. In Fig. 4a is 

5 shown an ellipsoidal cross-section along the axis of Fig. 3 
where the magnitude of the shown Y vector is greater than 
that of the Z vector. Ideally, Y and Z vectors would be 
equal and the resulting circular cross-sectional distribut- 
ion along the X axis is shown in Fig. 4b. 



10 



By a combination of longitudinal eccentricity (e L ) and 
transverse eccentricity (e T ) , based upon bond and group 
polarizabilities, and the length and mean diameter of a 
repeating unit, a geometric index, G, related to optical 
15 anisotropy. or birefringence, can be represented as follows 



20 



25 



1 + e L 

G = 0.2221 



wherein e L , e T , L and D have the meanings hereinbefore 
ascribed. Longitudinal eccentricity e £ may be represented 
according to the following relationship 



-1 



X 2 - ( Y ± Z 2 ) 



X 



Transverse eccentricity e may be represented by the 
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1 wherein the magnitude of vector Y is the larger of the Y 
and Z vectors. Ideally, transverse eccentricity e T will 
equal zero and longitudinal eccentricty e L will equal one, 
in which case, eccentricity factor, E, will equal the 
theoretical maximum of two. 

5 

Geometric index G can be calculated for a variety of re- 
peating units of a polymer material by resort to mean 
diameter and length values and longitudinal and transverse | 
eccentricity values calculated from experimentally determined 
10 dihedral angles. It will be appreciated that the magnitude 

of values of length, mean diameter, longitudinal eccentricity 
and transverse eccentricity will materially influence the 
value of geometric index G. Thus, it will be appreciated 
that a repeating unit having, for example, a length of 

15 about twice that of a repeating unit having a different 

molecular structure and configuration will have a geometric | 
index of about twice that of such different repeating unit. § 
Accordingly, in making comparisons of geometric indices and | 
magnitude thereof in relation to structural differences | 

20 between comparative molecular repeating units, such differ- 
ences in length should be borne in mind. 

In general, experimentally determined values of birefringence ^ 
for polymeric materials comprised of repeating units as J 
25 aforedescribed will correlate directionally with values of 

geometric index, G, of the repeating units. Thus, in general, 
recurring units having higher geometric index values provide 
polymers exhibiting higher birefringence. Polymeric materials 
comprised of repeating units having a geometric index value, 
•. ..... r. - u,- r v, pr pxhibit hich brefringence and can 



comprising repeating units having geometric _ncex v* 
one or higher be utilized herein. Especially preferr 



ea 



£ r> n r*. ~ p "* f~* 
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transparent layers, each said additional transparent lay 
having an index of refraction substantially matching one 
of the two indices of refraction of each said layer of 
said molecularly oriented highly birefringent polymer. 

30. A multilayer device according to claim 29 wherein 
each said additional transparent layer is isotropic. 
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FIG. 5 





FIG. 7 
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